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The interplay of recipient age and graft loss causes is underexplored, despite its
relevance for patient management and endpoint definition in clinical trials. This study
aimed to investigate the impact of recipient age on graft loss causes. In this
retrospective single-center cohort study with 1743 Kkidney transplantations
between 1995 and 2022, graft losses were assigned to either death with graft
function (DwWGF) or graft failure (GF). Additionally, causes of death and GF were
determined by reviewing all available clinical/histological information. Data were
analyzed across recipient age groups (<40, 41-60 and >60 years) and across
three time periods (1995-2004, 2005-2014, 2015-2022). Among 816 graft
losses, 56% were attributed to DwGF and 44% to GF. The proportion of DWGF
increased stepwise with age (21% in young vs. 52% in middle-aged vs. 76% in elderly
patients; p < 0.0001), with similar proportions across the three time periods. Rejection
alone or in combination with other events caused GF in 76% of young, 51% of middle-
aged, and 34% of elderly patients (p < 0.0001). Main death-causes were
cardiovascular events (23%), infections (23%) and malignancies (23%). Graft loss
causes are strongly age-related. This might have significant implications for clinical
study design and patient management.
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INTRODUCTION

Over the last thirty years, significant advances in transplantation medicine have led to an
improvement in both patient and death-censored renal allograft survival. Better
immunological understanding and the development of more effective immunosuppressive
regimens were essential for this success [1-4]. In addition, an improved management of
cardiovascular diseases and their risk factors, along with overall advancements in medical
care, have enabled older patients and patients with multiple comorbidities to become eligible
for renal transplantation [5-7].
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GRAPHICAL ABSTRACT |

Nevertheless, allograft rejection and immunosuppression-
related complications still remain a major challenge [8-10].
A precise understanding of the causes of graft failure and death
is essential to identify areas of particular importance to further
improve these key outcomes. Indeed, four studies conducted in
North America and Europe in patients transplanted between
1996 and 2017 reported granular data on the causes of graft
losses [10-13]. The investigators observed between 318 and
645 graft losses. Death with graft function (DwGF) accounted
for 43%-59% of all graft losses, while the other 41%-57% were
related to graft failure (GF). The main causes of death were
cardiovascular events, infection diseases and malignancies.
Among the causes of graft failure, rejection was attributed as
the leading event in 12%-34%. Interestingly, Mayrdorfer et al
showed in a very detailed study that rejection either as primary
or secondary cause was responsible for 65% of graft failures,
highlighting the ongoing significance of rejection in the
current era [14].

The interplay of recipient age and the causes of graft loss is
poorly explored with conflicting results, and most analyses were
performed in cohorts transplanted before the year 2000 [15].
However, it might be relevant to define age-dependent endpoints
in clinical trials rather than a “one-size-fits-all” approach for all
patients. Therefore, the aim of this study was to investigate the
impact of recipient age on the causes of 816 graft losses among
1743 transplantations performed at the University Hospital Basel
from 1995 to 2022. Furthermore, we explored the evolution of
patient and death-censored graft survival in different age
groups over time.

MATERIALS AND METHODS
Patient Population and Study Design

This retrospective observational cohort study was approved by
the local ethics committee (EKNZ 2023-01992). The patient flow
is summarized in Figure 1. All adult and pediatric patients who
underwent kidney transplantation at the University Hospital
Basel between 1st January 1995 and 29th August 2022 were

01.01.1995 -29.08.2022

All kidney transplantations from
(n=1820)

Lost to follow-up (n=77; 4%)
* Moved away from Switzerland (n=43)
+ Last follow-up more than 18 months ago (n=34)

—>

Final population
(n=1743 transplantations in 1623 patients)

l }

’ Graft failure

Death with graft function
(n=457) (n=359)

Alive with functioning graft
(n=927)

FIGURE 1 | Patient flow.
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eligible. From a total of 1820 transplantations, we excluded
patients without recent follow-up data (n = 77; 4%), resulting
in a final population of 1743 transplantations in 1623 patients.
End of follow-up was September 2023, and all transplantations
had a minimal follow-up time of 1 year.

To describe the evolution of patient age as well as patient and
graft survival over time, we divided the study population
into three eras. These time frames correspond to major
developments in transplantation medicine. The first era
(1995-2004; n = 570) was dominated by Cyclosporine-based

maintenance immunosuppression and immunological risk
stratification based on complement-dependent cytotoxicity
crossmatches. The second era (2005-2014; n = 593) was

characterized by Tacrolimus-Mycophenolate (Tac-MMF) based
immunosuppression and the implementation of an ABO-
incompatible living donor kidney transplantation program [16].
In addition, since 2005 we prospectively used single-antigen beads
(SA beads) on the Luminex platform for immunological risk
stratification (i.e., virtual crossmatch) with a cutoff of 500 MFI
for positivity [17]. If current or historic donor-specific HLA
antibodies (HLA-DSA) were present and the current CDC
crossmatch was negative, the transplantation was performed, but
considered as high risk, and an induction therapy with anti-
thymocyte globulin (ATG) as well as intravenous
immunoglobulins was given [18]. In the absence of HLA-DSA,
basiliximab was used as induction therapy, and steroids were
withdrawn beyond month 3 posttransplant, if no rejection had
occurred [19]. In the third era (2015-2022; n = 580), donation after
circulatory death (DCD) donors became more prevalent, and in
general the acceptance criteria for allograft recipients were widened.

Definition of Recipient Age Groups for

the Analysis

The age of the recipients changed significantly from 1995 to 2022.
Based on the age distribution in this cohort, we divided the patients
arbitrarily into three age groups: (i) young patients having an
age <40 years, (ii) middle-aged patients having an age of
41-60 years and (iii) elderly patients having an age >60 years.

Data Collection

Clinical and histological data were prospectively collected into a
research database. From 1995 to 2022 the clinical indication to
perform an allograft biopsy did not change (i.e., declining allograft
function, unsatisfactory allograft function, delayed graft function,
proteinuria and/or glomerular hematuria). In addition, from
2001 until September 2017, surveillance biopsies were scheduled
at 3 and 6 months posttransplant as a clinical routine. Since
October 2017, surveillance biopsies at 3 and 6 months are only
performed in patients with elevated urine CXCL10 [20]. The extent
of HLA typing varied from 1995 to 2022, but the loci A/B/DR were
available for all transplantations. As mentioned above, since
2005 the presence/absence of pretransplant HLA-DSA defined
by SA beads was determined prospectively. Furthermore, for the
era 1995-2004, we retrospectively assessed pretransplant HLA-
DSA by SA beads in 349/570 (61%) transplantations in the context
of a previous study [21].

Age-Dependence of Graft Loss Causes

Assignment of Causes of Graft Loss
Graft losses were either classified as death with graft function

or graft failure. Causes for graft failure were assessed by
reviewing clinical data and histological findings from
surveillance and/or indication biopsies or from transplant
nephrectomies. Graft failures were assigned to one of eight
categories: 1) rejection, 2) multifactorial with rejection
[i.e., various hits including biopsy-proven rejection
episodes], 3) multifactorial without rejection [i.e., various
hits, but never biopsy-proven rejection], 4) recurrent or de
novo glomerulonephritis, 5) surgical, 6) infection, 7) other
causes, 8) unknown. The cause of death was assigned to one of
five categories based on known medical diseases and the final
event leading to death: 1) cardiovascular, 2) infection, 3)
malignancy, 4) other causes, 5) unknown. To reduce the
number of deaths classified as ‘unknown’, the treating
physician’s presumed cause of death was used for the
assignment. For example, if a patient died at home without
any further clinical information, but the treating physician
presumed a sudden cardiac death due to known heart disease,
the cause of death was assigned as “cardiovascular.”

Statistical Analysis

Categorical data are presented as counts and/or percentages and
compared by Pearson’s chi-squared test. Continuous data are
shown as median and interquartile ranges (IQR) and compared
by Wilcoxon rank sum test. Survival curves were generated with
the Kaplan Meier method and groups compared using the log-
rank test. We used multivariable Cox proportional hazard
models to investigate parameters associated with death or

graft failure, respectively. All pretransplant available
parameters  were  included in  the models. A
p-value <0.05 was considered to indicate statistical

significance. Data were analyzed using JMP Pro Version
17 software (SAS institute Inc., Cary, NC, United States).

RESULTS

Donor and Recipient Characteristics

The baseline characteristics of the 1743 transplantations
are summarized in Table 1. There were 570 transplantations
in the era 1995-2004, 593 transplantations in the era
2005-2014, and 580 transplantations in the era 2015-2022.
As expected for a time span of 28 years, there were many
significant differences among the recipient and donor
characteristics in the three eras related to medical
developments and change of policies. Deceased donors
accounted for 52%-59% of all transplantations (p = 0.03),
and the proportion of DCD donors increased from 2% to 26%
(p < 0.0001). The median donor age increased from
50 to 57 years (p < 0.0001). The median number of HLA-
A/B/DR mismatches and the frequency of retransplants
was similar in the three eras (p = 0.13 and p = 0.10,
respectively). The proportion of transplantations performed
in the presence of HLA-DSA decreased from 21% to 12%
(p = 0.0002).
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TABLE 1 | Baseline characteristics.

Parameter 1995-2004 (n = 570)
Recipient sex female 228 (40%)
Recipient age 51 (40-59)
- Age >60 years 119 (21%)
- Age >70 years 9 (2%)
Donor age 50 (39-60)
- Age >60 years 131 (23%)
- Age >70 years 27 (5%)
Deceased donor 298 (52%)
- DCD among deceased donor organs 6 (2%)
Renal disease

- Glomerulonephritis 200 (35%)
- ADPKD 78 (14%)
- Other nephropathies 63 (11%)
- Unknown nephropathy 71 (12%)
- Diabetic nephropathy 70 (12%)
- Vascular/hypertensive nephropathy 22 (4%)
- Interstitial nephritis 66 (12%)
HLA mismatches [A/B/DR] 4 (3-5)
Retransplant 85 (15%)
HLA-DSA 73/349° (21%)°
ABOi living donor -
Induction therapy n=473°
- basiliximab 137 (29%)
S ATG 150 (32%)
- None 186 (39%)
Mainenance immunsuppression

- CyA based 365 (64%)
- Tac-MMF 15 (3%)
- Tac-Aza 120 (21%)
- Tac-mTOR -

- mTOR based 65 (11%)
- Other 5 (1%)

Age-Dependence of Graft Loss Causes

2005-2014 (n = 593) 2015-2022 (n = 580) p-value?
188 (32%) 204 (35%) 0.01
55 (44-63) 55 (44-63) <0.0001
196 (33%) 196 (34%) <0.0001

27 (5%) 40 (7%) <0.0001
54 (44-63) 57 (47-65) <0.0001
210 (35%) 219 (38%) <0.0001
61 (10%) 55 (9%) 0.0006
308 (52%) 342 (59%) 0.03

2 (0.6%) 90 (26%) <0.0001

<0.0001
208 (35%) 195 (34%)
115 (19%) 108 (19%)
66 (11%) 85 (15%)
67 (11%) 52 (9%)
62 (11%) 52 (9%)

49 (9%) 55 (9%)

26 (4%) 33 (5%)

4 (3-5) 4 (3-5) 0.13
103 (17%) 74 (13%) 0.10
108 (18%)° 67 (12%)° 0.0002

58/285 (20%) 45/238 (19%) <0.0001
<0.0001
453 (76%) 453 (78%)
125 (21%) 89 (15%)
15 (3%) 38 (7%)
<0.0001
3 (1%) 2 (0.5%)
466 (79%) 576 (99%)
- 2 (0.5%)
107 (18%) -
9 (1%) -
8 (1%) -

aThe p-value was calculated using Pearson’s chi-squared or Wilcoxon rank sum tests across the three eras (no comparison between individual eras was performed).

bif the parameter was not available for all patients, the number of retrieved data are given.
°Retrospective analysis.
9Prospectively assessed.

DCD, donation after circulatory death; ADPKD, autosomal dominant polycystic kidney disease; HLA-DSA, donor-specific HLA, antibodies.

Evolution and Grouping of Recipient Age
The median recipient age in the three eras increased from 51 to
55 years (p < 0.0001). The annual evolution of the median
recipient age and its 95% confidence interval is shown in
Figure 2A. Most importantly, the proportion of recipients
older than 60 years increased from 21% to 34% (p < 0.0001),
and the proportion of recipients older than 70 years from 2% to
7% (p < 0.0001) (Table 1). The distribution of age groups by
decades in the three eras is detailed in Figure 2B. According to
our arbitrarily defined age thresholds, 391 (23%) patients
were <40 years old, 841 (48%) patients were 41-60 years old,
and 511 (29%) patients were >60 years old (Figure 2B).

Overall Causes of Graft Loss

Overall, 816/1743 (47%) allografts were lost. Deaths with graft
function accounted for 56% of graft losses, whereas graft failures
accounted for 44% (Figure 3A).

Cardiovascular events, infections and malignancies were
equally frequent as the cause of death, each contributing 23%.
Thirteen percent of deaths could not be assigned to one of these
categories and were summarized as ‘other causes’. This included

many different individual entities such as gastrointestinal
diseases, dementia, suicide, and accidents. The cause of death
remained unknown in 18% of cases. Almost all these patients died
at home without a prior acute illness, suggesting that many deaths
could be related to acute cardiovascular events. Within all major
categories, several subgroups with more granular entities were
seen. Some of these subgroups of particular interest are
summarized in Figure 3A.

Rejection was the most frequent cause of graft failure (38%),
followed by multifactorial hits including rejection (17%).
Therefore, rejection contributed exclusively or partially to graft
failure in 55% in our cohort. The cause of graft failure could not
be assigned to any category in 11%. These were mostly cases
having slowly deteriorating allograft function without any clearly
attributable diseases and without histological investigations.
Within the rejection category, mixed rejection and isolated
antibody-mediated rejection (AMR) were equally frequent,
each accounting for 44%. In all major categories, several
subgroups with more granular entities were observed. Some of
these subgroups of particular interest are summarized
in Figure 3A.
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Causes of Graft Loss in the Three

Age Groups

The proportion of death with graft function and graft failure
contributing to graft loss was significantly different among the
three age groups. While graft failure accounted for 79% of all graft
losses in patients <40 years old, death with graft function was
responsible for graft loss in 76% of patients with an age >60 years
(p < 0.0001) (Figure 3B).

Next, we compared the causes of graft failures among the three
age groups, and we noticed significant differences. Rejection
alone or in combination with other hits accounted for 76% of
graft failures in young patients, for 51% in middle-aged patients,
and for only 34% in elderly patients (p < 0.0001) (Figure 3C).

Interestingly, the causes of death were not significantly
different among the three age groups (p = 0.05) (Figure 3C).
However, we observed a trend towards more infection-related
deaths with increasing age (7% vs. 20% vs. 27%).

Over the three eras, we observed some differences regarding
the contribution of death with graft function and graft failure on
graft loss among the age groups. However, graft failure accounted
for 74%-92% of graft losses in young patients, whereas death with
graft function was responsible for 65%-85% of graft losses in
elderly patients (Figure 3D).

Evolution of Patient and Graft Survival in the
Three Age Groups

Patient survival remained high and unchanged throughout the
three eras among the young and middle-aged patient groups. By

contrast, in the group of elderly patients we observed a slight
increase in the 1-/3-year patient survival in the two recent eras,
but beyond the fifth year posttransplant patient survival
diminished from the 1995-2004 era to the 2005-2014 era, and
the 2015-2022 era (Figure 4).

Death-censored graft survival improved dramatically in the
middle-aged and elderly patient groups from the 1995-2004 era
to the 2005-2014 era. In the most recent era from 2015 to
2022 no further improvement was observed, and even a slight
decrease was noticed in the middle-aged patient group. In sharp
contrast, we saw no improvement in 5-/10-year death-censored
graft survival in the young patient group throughout
the three eras.

Multivariable Analyses

In the multivariable Cox model, patient age was a strong and
independent risk factor for death (hazard ratio 2.32 per decade
[95% CI: 2.04-2.64]; p < 0.0001). Other statistically significant
risk factors were diabetic nephropathy as primary kidney disease,
deceased donor as the organ source, and the presence of HLA-
DSA (Table 2).

Statistically significant and independent risk factors for
death-censored graft survival were donor age, Cyclosporin-
or mTOR-based maintenance immunosuppression,
deceased donor as organ source, presence of HLA-DSA,
and HLA mismatches. In addition, patient age was
inversely associated with death-censored graft survival
(hazard ratio 0.84 per decade [[95% CI: 0.75-0.93]; p =
0.0007) (Table 3).
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Subgroup Analyses of Recipients Older
Than 70 years

Seventy-six patients were older than 70 years at the time of
transplantation (range 71-79). The one-, five-, and 10-year
patient survival were 89%, 68%, and 40%. The one-, five-,
and 10-year death-censored graft survival were 97%, 89%,
and 82%. We observed no differences among the three eras
regarding patient survival (p = 0.99) and death-censored
allograft survival (p = 0.81) (data not shown). Eight grafts
were lost, only one due to rejection (13%). Thirty-four
patients died. The causes of death were not different
compared to patients with 60-70 years of age (p = 0.15)
(data not shown).

DISCUSSION

The key observation of this study was that the causes of graft loss
are strongly age-dependent. While 79% of young patients
(<40 years) lose their transplant due to rejection-induced graft

failure, 76% of older patients (>60 years) experience graft loss due
to death with graft function. This proportion remained stable
during the study period from 1995 to 2022.

In line with other studies, our recipient population has
markedly changed over the last three decades [3, 4]. The
proportion of patients being older than 60 years at the time of
transplantation has significantly increased from 21% in the first
era to 33%-34% in the later two eras.

Consistent with findings from other studies, the main causes of
death were malignancies, infection diseases and cardiovascular
events, all accounting for about a quarter of cases [4, 10, 11].
The lower percentage of cardiovascular death in Van Loon et al.
may be explained by their higher proportion of deaths assigned as
‘unknown’ [12]. Indeed, Mayrdorfer et al. and we classified sudden
death in a patient with known cardiovascular diseases as
“cardiovascular” rather than “unknown” [10]. The distribution
of the causes of death did not significantly change when comparing
across different age groups or eras. However, there was a trend
towards increasing infection-related deaths in elderly recipients,
suggesting a state of overimmunosuppression in this patient group.
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TABLE 2 | Multivariable Cox proportional hazard model of patient survival.

Age-Dependence of Graft Loss Causes

Parameter HR (95% CI) p-value Logworth [-logo (p-value)]
Recipient age per decade 2.32 (2.04-2.64) <0.0001 37.121
Renal disease <0.0001 4.682
- Glomerulonephritis Reference

- ADPKD 1.16 (0.84-1.60) 0.351

- Other nephropathies 1.40 (0.92-2.12) 0.1

- Unknown nephropathy 0.96 (0.66-1.39) 0.83

- Diabetic nephropathy 2.28 (1.64-3.15) <0.0001

- Vascular/hypertensive nephropathy 1.49 (1.00-2.18) 0.05

- Interstitial nephritis 1.14 (0.72-1.82) 0.57

Donor source 0.0001 3.878
- Living donor Reference

- Deceased donor, DBD 1.65 (1.30-2.09) <0.0001

- Deceased donor, DCD 1.90 (0.94-3.86) 0.07

HLA-DSA 1.41 (1.05-1.91) 0.02 1.627
Maintenance immunosuppression 0.05 1.340
- Tac-MMF Reference

- CyA based 0.62 (0.44-0.88) 0.01

- mTOR based 0.58 (0.34-0.98) 0.04

- Tac-mTOR 0.97 (0.68-1.39) 0.88

- Tac-Aza 1.02 (0.71-1.48) 0.91

Recipient sex female 0.86 (0.68-1.08) 0.20 0.703
Donor age per decade 1.03 (0.96-1.09) 0.43 0.365
ABOi living donor 0.84 (0.46-1.52) 0.56 0.248
HLA mismatches [A/B/DR] 1.18 (0.78-1.81) 0.58 0.234
Repeat transplant 1.02 (0.95-1.10) 0.83 0.081

DBD, donation after brain death; DCD, donation after circulatory death; ADPKD, autosomal dominant polycystic kidney disease; HLA-DSA, donor-specific HLA, antibodies.

TABLE 3 | Multivariable Cox proportional hazard model of death-censored graft survival.

Parameter HR (95% CI) p-value Logworth [-log4o(p-value)]
Donor age per decade 1.20 (1.10-1.30) <0.0001 4.803
Maintenance immunosuppression 0.0001 4175
- Tac-MMF Reference

- CyA based 1.95 (1.41-2.70) <0.0001

- mTOR based 2.26 (1.47-3.47) 0.0002

- Tac-mTOR 0.79 (0.44-1.39) 0.41

- Tac-Aza 1.51 (0.98-2.31) 0.06

Donor source 0.0001 4.156
- Living donor Reference

- Deceased donor, DBD 1.86 (1.40-2.45) <0.0001

- Deceased donor, DCD 0.76 (0.42-3.28) 0.76

HLA-DSA 1.82 (1.33-2.49) 0.0002 3.796
Recipient age per decade 0.84 (0.75-0.93) 0.0007 3.186
Renal disease 0.01 1.955
- Glomerulonephritis Reference

- ADPKD 0.80 (0.53-1.21) 0.29

- Other nephropathies 1.26 (0.88-1.80) 0.22

- Unknown nephropathy 0.50 (0.30-0.84) 0.01

- Diabetic nephropathy 1.17 (0.75-1.82) 0.48

- Vascular/hypertensive nephropathy 1.33 (0.83-2.13) 0.24

- Interstitial nephritis 0.65 (0.39-1.10) 0.11

HLA mismatches [A/B/DR] 1.10 (1.01-1.21) 0.03 1.520
Repeat transplant 1.22 (0.88-1.70) 0.24 0.616
Recipient sex female 0.89 (0.68-1.16) 0.37 0.430
ABOi living donor 0.76 (0.34-1.68) 0.50 0.304

DBD, donation after brain death; DCD, donation after circulatory death; ADPKD, autosomal dominant polycystic kidney disease; HLA-DSA, donor-specific HLA, antibodies.

The causes of graft failure were highly dependent on recipient  recipient populations [12, 14]. Overall, the total proportion of
age. While other cohort studies have focused more on the causes of ~ rejection-related graft failures in our study was 55% (ie., 38%
early versus late graft failure, our approach was to investigate distinct ~ rejection as the main cause, 17% multifactorial with rejection).
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This is consistent with Mayrdorfer et al reporting an overall
proportion of 65% (ie., 35% rejection as the primary cause, 30%
rejection as the secondary cause). Interestingly, primarily
calcineurin-inhibitor (CNI) toxicity-related graft failure was rare
(7/359; 2%), which is in line with other studies (0.6%-0.7%) [13, 14].
However, the impact of CNI-toxicity might be underestimated and
could contribute to graft failures classified as “non-specific chronic
injury” as in the study by Van Loon et al. (21%; [12]), or was
assigned as a secondary cause of graft failure as in the study by
Mayrdorfer et al (21%; [14]), or is part of the category “multifactorial
without rejection” as in our study (8%).

Patient survival is very high in young and middle-aged
patients, and it did not improve from 1995 to 2022. By
contrast, we observed a decrease in patient survival in elderly
patients, likely related to a more liberal policy to accept more
elderly patients with significant comorbidities for renal
transplantation. In addition, it suggests that we might have
reached the limit of current treatment concepts in this patient
population, and it calls for alternative strategies, such as lower
and/or less toxic immunosuppression.

The introduction of Tacrolimus/MMF-based
immunosuppression and a better immunological risk
stratification both led to the remarkable improvement in death-
censored graft survival from the 1995-2005 era to the
2005-2015 era. However, young patients seem to benefit the
least from these advances with an almost unchanged and high
proportion of rejection-related graft failures [3, 9]. Both a stronger
immune response in general and non-adherence are considered as
the main contributing factors [11, 22]. In the other two age groups
there is no further improvement in death-censored graft survival
during the last era from 2015 to 2022. This might be attributed to
an expansion of donor acceptance criteria.

The strong impact of recipient age on the causes of graft loss has
important implications. First, it highlights that pertinent endpoints in
studies should ideally be age-dependent. For young patients, the
occurrence of rejection and graft failure due to rejection are most
important, while for elderly patients quality of life,
immunosuppression-related toxicity, and patient survival are
more reasonable endpoints. Second, patient management could be
adapted according to the age group and its most important
associated risks. For example, young patients might benefit from
a denser immunological surveillance, the implementation of stronger
immunosuppressive regimens, strengthening of adherence and
allocation of well HLA-matched organs partially compensating for
non-adherence [23]. Elderly patients might be managed by a rather
lower immunosuppression and an emphasis on cardiovascular risk
factors and the prevention/surveillance of infections and cancer.

The Eurotransplant senior program (ESP) was established in
1999 and had the aim to allocate kidneys from donors >65 years to
recipients >65 years. These transplants were mostly performed
locally to reduce cold ischemia time and HLA matching was
disregarded [24]. Although the immune system ages like all other
organs, rejection is still a concern in elderly patients. Interestingly,
the ESP found a superior patient and allograft survival, if full HLA-
DR matching was enforced [25]. This suggests that HLA-matching
has also benefits in elderly patients, potentially allowing for a lower
overall level of immunosuppression without increasing the risk of

Age-Dependence of Graft Loss Causes

rejection. However, a personalized approach to immunosuppression
incorporating the immunological background, rejection episodes,
biomarkers and the presence of side effect of immunosuppression is
still preferable [26, 27].

Despite a higher risk of death in elderly patients, many seem
to benefit from renal transplantation, especially regarding the
quality of life compared to dialysis. Unfortunately, an adequate
comparison of mortality and morbidity between patients
receiving a transplantation and patients on dialysis is very
challenging due to various biases (e.g., selection bias)
[12, 28, 29].

The advantages of our study are the larger size of
investigated graft losses compared to other cohorts and the
focus on the impact of recipient age on graft losses [10-13].
Furthermore, the inclusion of transplantations performed
between 1995 and 2022 allowed to assess changes over
almost 30 years. Finally, the results are supported by
univariate and multivariate analyses.

We acknowledge several important limitations of this study.
First, the results of our single center study may lack generalizability,
especially because the population consisted almost exclusively of
Caucasian ethnicity. Second, the retrospective study design does
not allow to define causal relationships, although data were
collected prospectively. Third, the long period of observation is
introducing potential biases related to changes in management
policies which we cannot account for.

In conclusion, the causes of graft loss are strongly age-related.
This might have significant implications for the design and
endpoint definition in clinical studies, as well as for individual
patient management.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: The data that support the findings of this

study are available from the corresponding author
upon reasonable request. Requests to access these
datasets should be directed to Stefan  Schaub,

stefan.schaub@usb.ch.

ETHICS STATEMENT

The studies involving humans were approved by
Ethikkommission Nordwest- und Zentralschweiz (EKNZ 2023-
01992). The studies were conducted in accordance with the local
legislation and institutional requirements.

AUTHOR CONTRIBUTIONS

SW and SS designed the study. M-JK, AF, SF, FB, SM, CF, CW,
and MD provided data and important knowledge. SW and SS
performed the statistical analyses and wrote the first draft of
the manuscript. All authors contributed to the article and
approved the submitted version.

Transplant International | Published by Frontiers

May 2025 | Volume 38 | Article 14544


mailto:stefan.schaub@usb.ch

Winkler et al.

FUNDING

The author(s) declare that no financial support was received for
the research and/or publication of this article.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

REFERENCES

10.

11.

12.

13.

. Shrestha B, Haylor ], Raftery A. Historical Perspectives in Kidney

Transplantation: An Updated Review. Prog Transpl (2015) 25(1):64-76.
doi:10.7182/pit2015789

. Sa H, Leal R, Rosa MS. Renal Transplant Immunology in the Last

20 Years: A Revolution towards Graft and Patient Survival
Improvement. Int Rev Immunol (2017) 36(3):182-203. doi:10.1080/
08830185.2016.1225300

. Coemans M, Siisal C, Dohler B, Anglicheau D, Giral M, Bestard O, et al.

Analyses of the Short- and Long-Term Graft Survival after Kidney
Transplantation in Europe between 1986 and 2015. Kidney Int (2018)
94(5):964-73. doi:10.1016/j.kint.2018.05.018

. Ying T, Shi B, Kelly PJ, Pilmore H, Clayton PA, Chadban SJ. Death after

Kidney Transplantation: An Analysis by Era and Time Post-Transplant. ] Am
Soc Nephrol (2020) 31(12):2887-99. doi:10.1681/ASN.2020050566

. Doucet BP, Cho Y, Campbell SB, Johnson DW, Hawley CM, Teixeira-Pinto

ARM, et al. Kidney Transplant Outcomes in Elderly Recipients: An Australia
and New Zealand Dialysis and Transplant (ANZDATA) Registry Study.
Transplant Proc (2021) 53(6):1915-26. doi:10.1016/j.transproceed.2021.
06.024

. Artiles A, Dominguez A, Subiela JD, Boissier R, Campi R, Prudhomme T, et al.

Kidney Transplant Outcomes in Elderly Population: A Systematic Review and
Meta-Analysis. Eur Urol Open Sci (2023) 51:13-25. doi:10.1016/j.euros.2023.
02.011

. Saucedo-Crespo H, Haakinson DJ, Croome KP, Mai ML, Taner CB, Heilman

RL, et al. Prognostic Factors in Kidney Transplantation in the Septuagenarian:
A Multicenter Analysis. Clin Transplant (2016) 30(7):828-35. doi:10.1111/ctr.
12756

. Pascual M, Theruvath T, Kawai T, Tolkoff-Rubin N, Cosimi AB. Strategies to

Improve Long-Term Outcomes after Renal Transplantation. N Engl ] Med
(2002) 346(8):580-90. doi:10.1056/NEJMra011295

. Lamb KE, Lodhi S, Meier-Kriesche HU. Long-term Renal Allograft Survival in

the United States: A Critical Reappraisal. Am ] Transpl (2011) 11(3):450-62.
doi:10.1111/j.1600-6143.2010.03283.x

Mayrdorfer M, Liefeldt L, Osmanodja B, Naik MG, Schmidt D, Duettmann W,
et al. A Single Centre In-Depth Analysis of Death with a Functioning Kidney
Graft and Reasons for Overall Graft Failure. Nephrol Dial Transplant (2023)
38(8):1857-66. doi:10.1093/ndt/gfac327

Gaston RS, Fieberg A, Helgeson ES, Eversull ], Hunsicker L, Kasiske BL, et al.
Late Graft Loss after Kidney Transplantation: Is ‘Death with Function’ Really
Death with a Functioning Allograft? Transplantation (2020) 104(7):1483-90.
doi:10.1097/TP.0000000000002961

Van Loon E, Senev A, Lerut E, Coemans M, Callemeyn J, Van Keer JM,
et al. Assessing the Complex Causes of Kidney Allograft Loss.
Transplantation (2020) 104(12):2557-66. doi:10.1097/TP.
0000000000003192

El-Zoghby ZM, Stegall MD, Lager DJ, Kremers WK, Amer H, Gloor JM, et al.
Identifying Specific Causes of Kidney Allograft Loss. Am ] Transplant (2009)
9(3):527-35. doi:10.1111/j.1600-6143.2008.02519.x

Age-Dependence of Graft Loss Causes

GENERATIVE Al STATEMENT

The authors declare that no Generative AI was used in the
creation of this manuscript.

ACKNOWLEDGMENTS

The authors would like to thank the teams of the renal transplant
outpatient clinics and the laboratory for HLA-Diagnostic and
Immunogenetics.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mayrdorfer M, Liefeldt L, Wu K, Rudolph B, Zhang Q, Friedersdorff F, et al.
Exploring the Complexity of Death-Censored Kidney Allograft Failure. ] Am
Soc Nephrol (2021) 32(6):1513-26. doi:10.1681/ASN.2020081215

Keith DS, deMattos A, Golconda M, Prather J, Cantarovich M, Paraskevas S,
et al. Factors Associated with Improvement in Deceased Donor Renal Allograft
Function in the 1990s. ] Am Soc Nephrol (2005) 16(5):1512-21. doi:10.1681/
ASN.2004090813

Schiesser M, Steinemann DC, Hadaya K, Huynh-Do U, Eisenberger U, Binet I,
et al. The Reuse of Immunoadsorption Columns in ABO-Incompatible Kidney
Transplantation Is Efficient: The Swiss Experience. Transplantation (2015)
99(5):1030-5. doi:10.1097/TP.0000000000000457

Amico P, Hirt-Minkowski P, Honger G, Giirke L, Mihatsch M]J, Steiger J, et al.
Risk Stratification by the Virtual Crossmatch: A Prospective Study in
233 Renal Transplantations. Transpl Int (2011) 24(6):560-9. doi:10.1111/j.
1432-2277.2011.01235.x

Bichler K, Amico P, Hénger G, Bielmann D, Hopfer H, Mihatsch MJ, et al.
Efficacy of Induction Therapy with ATG and Intravenous Immunoglobulins in
Patients with Low-Level Donor-specific HLA-Antibodies. Am ] Transpl (2010)
10(5):1254-62. doi:10.1111/j.1600-6143.2010.03093.x

Wehmeier C, Hirt-Minkowski P, Amico P, Georgalis A, Hopfer H, Steiger J,
et al. Successful Steroid Withdrawal Guided by Surveillance Biopsies—A
Single-center Experience. Clin Transplant (2018) 32(3):e13181. doi:10.1111/
ctr.13181

Hirt-Minkowski P, Handschin J, Stampf S, Hopfer H, Menter T, Senn L, et al.
Randomized Trial to Assess the Clinical Utility of Renal Allograft Monitoring
by Urine CXCL10 Chemokine. ] Am Soc Nephrol (2023) 34(8):1456-69. doi:10.
1681/ASN.0000000000000160

Amico P, Honger G, Mayr M, Steiger ], Hopfer H, Schaub S. Clinical Relevance
of Pretransplant Donor-specific HLA Antibodies Detected by Single-Antigen
Flow-Beads.  Transplantation (2009) 87(11):1681-8.  doi:10.1097/TP.
0b013e3181a5e034

Wiebe C, Balshaw R, Gibson IW, Ho J, Shaw J, Karpinski M, et al. A Rational
Approach to Guide Cost-Effective De Novo Donor-specific Antibody
Surveillance with Tacrolimus Immunosuppression. Am | Transpl (2023)
23(12):1882-92. doi:10.1016/j.ajt.2023.07.025

Wiebe C, Rush DN, Nevins TE, Birk PE, Blydt-Hansen T, Gibson IW, et al.
Class II Eplet Mismatch Modulates Tacrolimus Trough Levels Required to
Prevent Donor-specific Antibody Development. ] Am Soc Nephrol (2017)
28(11):3353-62. doi:10.1681/ASN.2017030287

Frei U, Noeldeke J, Machold-Fabrizii V, Arbogast H, Margreiter R, Fricke L,
et al. Prospective Age-Matching in Elderly Kidney Transplant Recipients--a 5-
year Analysis of the Eurotransplant Senior Program. Am J Transpl (2008) 8(1):
50-7. doi:10.1111/j.1600-6143.2007.02014.x

De Fijter J, Dreyer G, Mallat M, Budde K, Pratschke J, Klempnauer J, et al.
A Paired-Kidney Allocation Study Found Superior Survival with HLA-
DR Compatible Kidney Transplants in the Eurotransplant Senior
Program. Kidney Int (2023) 104(3):552-61. doi:10.1016/j.kint.2023.
05.025

Naesens M, Anglicheau D. Precision Transplant Medicine: Biomarkers to
the Rescue. ] Am Soc Nephrol (2018) 29(1):24-34. doi:10.1681/ASN.
2017010004

Transplant International | Published by Frontiers

May 2025 | Volume 38 | Article 14544


https://doi.org/10.7182/pit2015789
https://doi.org/10.1080/08830185.2016.1225300
https://doi.org/10.1080/08830185.2016.1225300
https://doi.org/10.1016/j.kint.2018.05.018
https://doi.org/10.1681/ASN.2020050566
https://doi.org/10.1016/j.transproceed.2021.06.024
https://doi.org/10.1016/j.transproceed.2021.06.024
https://doi.org/10.1016/j.euros.2023.02.011
https://doi.org/10.1016/j.euros.2023.02.011
https://doi.org/10.1111/ctr.12756
https://doi.org/10.1111/ctr.12756
https://doi.org/10.1056/NEJMra011295
https://doi.org/10.1111/j.1600-6143.2010.03283.x
https://doi.org/10.1093/ndt/gfac327
https://doi.org/10.1097/TP.0000000000002961
https://doi.org/10.1097/TP.0000000000003192
https://doi.org/10.1097/TP.0000000000003192
https://doi.org/10.1111/j.1600-6143.2008.02519.x
https://doi.org/10.1681/ASN.2020081215
https://doi.org/10.1681/ASN.2004090813
https://doi.org/10.1681/ASN.2004090813
https://doi.org/10.1097/TP.0000000000000457
https://doi.org/10.1111/j.1432-2277.2011.01235.x
https://doi.org/10.1111/j.1432-2277.2011.01235.x
https://doi.org/10.1111/j.1600-6143.2010.03093.x
https://doi.org/10.1111/ctr.13181
https://doi.org/10.1111/ctr.13181
https://doi.org/10.1681/ASN.0000000000000160
https://doi.org/10.1681/ASN.0000000000000160
https://doi.org/10.1097/TP.0b013e3181a5e034
https://doi.org/10.1097/TP.0b013e3181a5e034
https://doi.org/10.1016/j.ajt.2023.07.025
https://doi.org/10.1681/ASN.2017030287
https://doi.org/10.1111/j.1600-6143.2007.02014.x
https://doi.org/10.1016/j.kint.2023.05.025
https://doi.org/10.1016/j.kint.2023.05.025
https://doi.org/10.1681/ASN.2017010004
https://doi.org/10.1681/ASN.2017010004

Winkler et al.

27. Bestard O, Thaunat O, Bellini MI, B6hmig GA, Budde K, Claas F, et al.
Alloimmune Risk Stratification for Kidney Transplant Rejection. Transpl Int
(2022) 35:10138. doi:10.3389/ti.2022.10138

28. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LYC, et al.
Comparison of Mortality in All Patients on Dialysis, Patients on
Dialysis Awaiting Transplantation, and Recipients of a First Cadaveric
Transplant. N Engl ] Med (1999) 341(23):1725-30. doi:10.1056/
NEJM199912023412303

29. Kramer A, Stel VS, Abad Diez JM, Alonso De La Torre R, Bouzas Caamaiio E,
Cala S, et al. Renal Replacement Therapy in Europe—A Summary of the

Age-Dependence of Graft Loss Causes

2010 ERA-EDTA Registry Annual Report. Clin Kidney ] (2013) 6(1):105-15.
doi:10.1093/ckj/sfs164

Copyright © 2025 Winkler, Kim, Fisler, Farese, Burkhalter, von Moos, Forster,
Wehmeier, Dickenmann and Schaub. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Transplant International | Published by Frontiers

11

May 2025 | Volume 38 | Article 14544


https://doi.org/10.3389/ti.2022.10138
https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.1093/ckj/sfs164
https://creativecommons.org/licenses/by/4.0/

	The Impact of Patient Age on Causes of Graft Loss After Renal Transplantation
	Introduction
	Materials and Methods
	Patient Population and Study Design
	Definition of Recipient Age Groups for the Analysis
	Data Collection
	Assignment of Causes of Graft Loss
	Statistical Analysis

	Results
	Donor and Recipient Characteristics
	Evolution and Grouping of Recipient Age
	Overall Causes of Graft Loss
	Causes of Graft Loss in the Three Age Groups
	Evolution of Patient and Graft Survival in the Three Age Groups
	Multivariable Analyses
	Subgroup Analyses of Recipients Older Than 70 years

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Generative AI Statement
	Acknowledgments
	References


