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 Background: The organ shortage and long waiting times have dramatically increased the age of potential kidney transplant 
recipients. The Eurotransplant Senior Program (ESP) was initiated to allocate kidneys from deceased donors 
aged ³65 years to recipients with a comparable age independent of pre-transplant human leucocyte antigen 
(HLA) matching; however, parameters affecting the long-term benefits of this strategy remain poorly defined.

 Material/Methods: We retrospectively evaluated outcome and risk factors for mortality in kidney recipients aged ³65 years that 
were transplanted according to the ESP protocol relative to patients aged >50 years transplanted according to 
the Eurotransplant kidney allocation system (ETKAS) criteria at the University Freiburg Medical Center, Germany, 
between 2008 and 2018.

 Results: Graft survival, graft function, the maintenance immunosuppressive therapy, and the incidence of rejections 
and infections did not differ between groups. Infectious diseases were the main cause of death in both groups; 
however, infection-associated mortality was more than double in the ESP group, and 5-year patient survival 
was 61.4% in the ESP group compared to 83.2% in the ETKAS group. Multivariate analysis identified age, the 
number of HLA mismatches, and the CMV serostatus with a seropositive donor and negative recipient as the 
main risk factors for mortality.

 Conclusions: A comparable immunosuppressive regimen used in ESP and ETKAS patients was associated with similar rejec-
tion rates and infectious disease complications, and infections were the most common cause of death in both 
groups. CMV-negative patients receiving an organ from a CMV-positive donor and patients with a high num-
ber of HLA mismatches require close follow-up to reduce mortality.
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Background

Due to demographic changes, the age of dialysis patients con-
stantly increases. Meanwhile, more than 50% of patients with 
end-stage kidney disease (ESKD) are ³65 years of age [1], and 
the percentage of patients >50 years awaiting kidney transplan-
tation continuously increases. As a result of the organ short-
age, waiting time increases dramatically and only a subgroup 
of patients can receive a kidney transplant. Since life expec-
tancy of recipients decreases with age, a significant number 
of elderly patients die with a functioning graft [2]. It is there-
fore critical to identify ESKD patients that might benefit from 
organ transplantation in an aging high-risk population, and to 
implement allocation strategies to match the life expectan-
cy of organs and recipients [3]. Therefore, the Eurotransplant 
kidney allocation program for patients and donors ³65 years 
of age, the Eurotransplant Senior Program (ESP), was imple-
mented in 1999. This program offers patients aged ³65 years 
to either be listed in the Eurotransplant kidney allocation sys-
tem (ETKAS), the regular kidney allocation program for adults 
³18 years in participating Eurotransplant countries, or in the 
ESP. One objective of the ESP is the efficient usage of organs 
from elderly donors. The median age of deceased kidney do-
nors is constantly increasing [4], and high donor age is associ-
ated with reduced graft survival [5-7]. Therefore, organs from 
elderly donors have been rejected more frequently for young-
er recipients. Since prolonged cold ischemia times increase the 
risk of graft loss [8], the ESP allocates organs locally based on 
blood group compatibility and waiting time without consider-
ing the donor human leucocyte antigen (HLA) typing as a man-
datory criterion. In case donor HLA typing is available prior to 
ESP matching, unacceptable antigens are considered during 
the allocation process. Presensitized patients are also includ-
ed in the ESP. The ESP reduced cold ischemia time compared 
to standard allocation in several studies [8,9], which was ac-
companied by a reduced incidence of delayed graft function 
(DGF) [8]. The incidence of acute rejections is greater in ESP pa-
tients [8,9], with more patients developing donor-specific anti-
bodies and a higher incidence of T cell-mediated rejection [10].

As expected, long-term survival of transplanted patients ³65 
years of age is shorter relative to younger patients after kid-
ney transplantation [11,12]. However, elderly patients still ben-
efit from kidney transplantation, with improved life expectan-
cy and quality of life compared to dialysis patients [13-17]. 
Survival of patients with transplanted kidneys from donors 
aged ³80 years remains better compared to patients awaiting 
kidney transplantation [18]. However, outcome parameters and 
risk factors are currently incompletely understood, which we 
aimed to identify in ESP patients ³65 years of age after kid-
ney transplantation compared to younger patients aged ³50 
years that were transplanted according to the ETKAS criteria.

Material	and	Methods

Study design

A retrospective analysis of all patients transplanted in the 
ESP between February 2008 and July 2018 at the University 
Freiburg Medical Center, Germany, was performed. A similar 
number of patients transplanted in the ETKAS in the same 
time period with a minimum age of 50 years served as a con-
trol group. Between January 2013 and January 2014, a study 
was conducted in which 29 patients of our cohort in the ESP 
were transplanted considering HLA-DR compatibility. This study 
was called the Eurotransplant Senior DR-compatible program 
(ESDP). Patients from the ESP and the ESDP were combined 
in the present study to simplify presentation. A total of 227 
patients were analyzed: 116 patients in the ESP and 111 pa-
tients in the ETKAS. ETKAS patients transplanted in the same 
time period at <50 years of age were excluded. Patients with 
a combined pancreas-kidney transplantation were also exclud-
ed. The observation period was from February 2008 to August 
2019. Baseline characteristics were age, sex, weight, body mass 
index, coexisting disorders, smoking history, immunosuppres-
sive therapy and chemotherapy prior to transplantation, cause 
of ESKD, time on dialysis, the number of previous transplanta-
tions, cytomegalovirus (CMV) serostatus, cold and warm isch-
emia time, and number of panel-reactive antibodies (PRA) and 
HLA mismatches. The primary endpoint was death. The time 
point of death after transplantation, cause of death, and death 
with a functioning graft were analyzed. Secondary outcome 
parameters were graft function as assessed by serum creati-
nine levels, infections, cardiovascular events, cancer, bleeding 
events, new-onset diabetes after transplantation (NODAT), de-
velopment of transplant renal artery stenosis, and hospitaliza-
tion within the first year. Additional parameters analyzed for 
follow-up were immunosuppressive therapy, incidence of de-
layed graft function, rejections, and graft loss. In case of more 
than 1 infection, cardiovascular, or bleeding event, the num-
ber of patients were analyzed. The study was approved by the 
Ethics Committee of the University Freiburg Medical Center, 
Germany (protocol number 505/18).

Data Collection and Definitions

Clinical data and follow-up data were collected from histori-
cal records and data transmitted to our center. DGF was de-
fined as the need for at least 1 dialysis treatment during the 
first postoperative week. Primary nonfunction (PNF) was de-
fined as the dependence on dialysis for 3 months after trans-
plantation. Acute rejections were confirmed by biopsies and 
classified according to the 2017 Banff Criteria [19]. Rejections 
were divided into antibody-mediated rejection, T cell-mediat-
ed rejection, the combination of both, and borderline rejec-
tions. Renal function was assessed by serum creatinine levels.
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Parameter
ESP 

n=116
ETKAS 
n=111

p-value

Donor age (y)  69.4±0.3  51.7±1.1 <0.001*

Recipient age (y)  69.5±0.4  58.1±0.6 <0.001*

Sex (male), n (%)  83 (71.6)  74 (66.7) 0.426

Weight (kg)  74.3±1.1  77.5±1.5 0.082

Body mass index (kg/m2)  26.2±0.4  26.3±0.4 0.808

Coexisting disorders  3.5±0.2  2.5±0.1 <0.001*

 Diabetes, n (%)  39 (33.9)  21 (18.9) 0.016*

 Hypertension, n (%)  115 (99.1)  111 (100) 1.000

 Cardiac, n (%)  91 (78.4)  46 (41.4) <0.001*

 Pulmonary, n (%)  14 (12.1)  6 (5.4) 0.101

 Hepatic, n (%)  6 (5.2)  14 (12.6) 0.061

 Peripheral arterial disease, n (%)  28 (24.1)  21 (18.9) 0.420

 Stroke, n (%)  17 (14.8)  13 (11.7) 0.559

 Cancer and leukemia, n (%)  16 (13.8)  14 (12.6) 0.846

 Others, n (%)  26 (22.4)  14 (12.6) 0.057

Smoking history, n (%)  28 (24.1)  25 (22.5) 0.002*

Smoking history (pack years)  19.1±3.3  23.0±3.9 0.462

Immunosuppressive therapy before transplantation, n (%)  17 (14.7)  26 (23.4) 0.127

Chemotherapy before transplantation, n (%)  3 (2.6)  4 (3.6) 0.717

Cause for ESKD

 Diabetes, n (%)  17 (14.7)  10 (9.0) 0.222

 Autoimmune disorders and chronic glomerulonephritis, n (%)  22 (19.0)  26 (23.4) 0.422

 Genetic, n (%)  16 (13.8)  23 (20.7) 0.218

 Hypertensive, n (%)  12 (10.3)  1 (0.9) 0.003*

  Kidney transplant failure or use of a calcineurin inhibitor due to 
organ transplantation, n (%)

 8 (6.9)  18 (16.2) 0.036*

 Others, n (%)  1 (0.9)  3 (2.7) 0.361

 Unknown, n (%)  31 (26.7)  21 (18.9) 0.206

Time on dialysis (months)  66.3±2.7  93.2±3.6 <0.001*

 Time on peritoneal dialysis (months)  9.4±2.2  14.4±3.2 0.195

 Time on hemodialysis (months)  57.1±3.5  78.0±4.4 <0.001*

Kidney transplantations

 1st transplantation, n (%)  109 (93.9)  92 (82.9) 0.012*

 2nd transplantation, n (%)  7 (6.0)  17 (15.3) 0.030*

 3rd transplantation, n (%)  0 (0.0)  2 (1.8) 0.238

Table 1. Baseline characteristics.
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Statistical Analysis

SPSS Statistics 26® software (IBM Corp., Armonk, NY) was used 
for statistical analysis. Continuous variables are expressed 
as mean±standard error of the mean (SEM). Group compar-
ison was performed with the t test for continuous variables. 
Qualitative data are presented as absolute values and percent-
ages and were evaluated with Pearson’s chi-square tests. Data 
with a P value less than 0.05 in univariate analyses were eval-
uated in multivariate analyses with a binary logistic regression 
model. P values, odds ratios, and the corresponding 95% con-
fidence intervals are reported. Mortality, graft survival data, 
survival free from rejections, and survival free from infectious 
diseases were assessed using the Kaplan-Meier method and 
analyzed with the log-rank test. GraphPad™ Prism Version 8 
software (GraphPad Software, San Diego, CA) was used for di-
agram preparation. Statistical significance was considered for 
a P value of <0.05.

Results

Patient Characteristics

Recipient patients in the ESP group were older at the time of 
transplantation (69.5 years vs 58.1 years, P<0.001, Table 1). 
Sex, weight, and body mass index were evenly distribut-
ed. Patients in the ESP group had more coexisting disorders, 
mainly due to an increased incidence of diabetes (33.9% vs 

18.9%, P=0.016, Table 1) and cardiac diseases (78.4% vs 
41.4%, P<0.001, Table 1). The main causes of ESKD were au-
toimmune disorders and chronic glomerulonephritis in both 
groups. The number of patients with ESKD resulting from dia-
betes and genetic disorders was evenly distributed. More pa-
tients in the ESP group had ESKD due to hypertensive disor-
ders (10.3% vs 0.9%, P=0.003, Table 1). Patients in the ETKAS 
group had a significantly longer time on dialysis prior to trans-
plantation (93.2 vs 66.3 mean months, P<0.001, Table 1). Cold 
ischemia time was significantly shorter in the ESP group (9.3 
vs 11.8 mean hours, P<0.001, Table 1). Patients in the ETKAS 
group had more previous transplantations (second transplan-
tation: 15.3% vs 6.0% in ESP, P=0.030, Table 1). Significantly 
more patients developed ESKD due to kidney transplant fail-
ure or the use of a calcineurin inhibitor due to organ trans-
plantation (ETKAS: 16.2%, ESP: 6.9%, P=0.036, Table 1). The 
number of both, the current and highest PRA, was significant-
ly higher in the ETKAS group. Patients in the ESP group had a 
mean HLA mismatch of 4.0 relative to 2.1 in the ETKAS group 
(P<0.001, Table 1).

Immunosuppression	and	Graft	Survival

Since patients in the ETKAS group had a higher degree of im-
munization, more patients received antithymocyte globulin as 
induction therapy (19.8% vs 9.5%, p=0.037, Table 2) and the 
fraction of patients with basiliximab was lower (64.9% vs 81.0%, 
p=0.007, Table 2). Most patients were treated with tacrolim-
us, prednisone, and mycophenolate for maintenance therapy, 

Table 1 continued. Baseline characteristics.

Parameter
ESP 

n=116
ETKAS 
n=111

p-value

CMV serostatus

 D-/R-, n (%)  19 (16.7)  22 (20.2) 0.604

 D-/R+, n (%)  31 (27.2)  26 (23.9) 0.646

 D+/R-, n (%)  25 (21.9)  23 (21.1) 1.000

 D+/R+, n (%)  37 (32.5)  38 (34.9) 0.777

Cold ischemia time (hours)  9.3±0.4  11.8±0.5 <0.001*

Warm ischemia time (minutes)  30.7±0.8  35.1±5.7 0.427

Panel-reactive antibodies

 Current (%)  1.2±0.7  8.8±2.2 0.001*

 Highest (%)  5.7±1.5  15.3±2.7 0.002*

HLA mismatches (n)  4.0±0.1  2.1±0.1 <0.001*

Data are presented as mean±standard error of the mean (SEM) unless otherwise indicated. D – donor; ESKD – end-stage kidney 
disease; ESP – Eurotransplant Senior Program; ETKAS – Eurotransplant Kidney Allocation System; HLA – human leucocyte antigen; 
R – recipient. * P<0.05.
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Parameter
ESP 

n=116
ETKAS 
n=111

p-value

Induction therapy

 Antithymocyte globulin, n (%)  11 (9.5)  22 (19.8) 0.037*

 Basiliximab, n (%)  94 (81.0)  72 (64.9) 0.007*

 Unknown, n (%)  11 (9.5)  17 (15.3) 0.227

Maintenance therapy

 Tacrolimus, n (%)  114 (98.3)  107 (96.4) 0.438

 Everolimus, n (%)  0 (0.0)  5 (4.5) 0.027*

 Ciclosporine, n (%)  2 (1.7)  4 (3.6) 0.438

 Prednisone, n (%)  106 (93.0)  103 (92.8) 1.000

 Mycophenolate, n (%)  108 (93.1)  101 (91.0) 0.628

 Mycophenolate, full dose, n (%)  97 (83.6)  93 (83.8) 1.000

 Mycophenolate, reduced dose, n (%)  11 (9.5)  8 (7.2) 0.635

Triple immunosuppressive therapy as maintenance therapy  105 (96.3)  102 (96.2) 1.000

Rejections, n (%)  28 (24.1)  26 (23.4) 1.000

Time of rejection (months)  16.2±5.7  5.4±1.6 0.084

DGF, n (%)  18 (15.5)  17 (15.3) 1.000

Graft loss, n (%)  21 (18.1)  9 (8.1) 0.031*

Duration between transplantation and graft loss (months)  29.3±7.1  5.4±4.0 0.044*

Graft loss within the first year, n (%)  11 (9.5)  8 (7.2) 0.635

Cause of graft loss 

 Primary nonfunction, n (%)  5 (4.3)  4 (3.6) 1.000

 Rejection, n (%)  3 (2.6)  1 (0.9) 0.622

 Infection, n (%)  5 (4.3)  2 (1.8) 0.447

 Thromboembolic events, n (%)  4 (3.4)  1 (0.9) 0.370

 Unknown, n (%)  4 (3.4)  1 (0.9) 0.370

Table 2. Immunosuppressive therapy, acute rejections, and graft function.

Data are presented as mean±standard error of the mean (SEM) unless otherwise indicated. Note that the percentage of 
different rejections refers to the total number of rejections. ABMR – antibody-mediated rejection; DGF – delayed graft function; 
ESP – Eurotransplant Senior Program; ETKAS – Eurotransplant Kidney Allocation System. * P<0.05.

with no difference between groups. Triple therapy was used in 
96.3% of ESP patients and 96.2% of ETKAS patients (P=1.000, 
Table 2). The total number of rejections and the type of re-
jection were similar between groups (Table 2 and Figure 1A), 
with T cell-mediated rejection as the main cause. The Kaplan-
Meier plot illustrating survival free from rejection showed no 
difference between groups (P=0.897, Figure 1B).

Survival free from graft loss was not different between groups 
(P=0.171, Figure 2A). After 1 year, ETKAS patients had better 
kidney graft function as determined by serum creatinine levels, 
but not directly after transplantation and after 2 and 5 years 
after transplantation (Figure 2B). The number of patients with 
DGF was similar between groups (ESP 15.5% vs ETKAS 15.3%, 
P=1.000, Table 2). No difference existed for the number of pa-
tients with graft loss within the first year (ESP 9.5%, ETKAS 
7.2%, P=0.635, Table 2), with a similar distribution of causes.

e936514-5

Eklou N.D. et al: 
Kidney transplantation in the ESP
© Ann Transplant, 2022; 27: e936514

ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Mortality	and	Cause	of	Death

The overall mortality was higher in the ESP group (44.8% vs 
13.5%, P<0.001, Table 3 and Figure 3A) during the median fol-
low-up period of 43 months. In the ESP group, patient surviv-
al after 1 year was 86.4% and 61.2% after 5 years compared 
to ETKAS group with 92.6% after 1 and 82.4% after 5 years.

The main cause of death was infectious diseases in both groups 
(Figure 3B). Death due to infectious diseases occurred more 
than twice as often in the ESP group than in the ETKAS group 
(17.2% vs 8.1%, P=0.047, Table 3 and Figure 3B). Although 
more patients died from infectious diseases in the ESP group, 
the number of patients with infectious diseases was even-
ly distributed (ESP 83.6% vs ETKAS 77.5%, P=0.314, Table 4). 

Kaplan-Meier analysis revealed that infections trended to oc-
cur earlier in the ESP group (P=0.127, Figure 4A). The patho-
gens causing bacterial, viral, and fungal infections were evenly 
distributed (Figure 4B). The incidence of urinary tract infec-
tions, pneumonia, and infections due to cytomegalovirus was 
higher in the ESP group (Figure 4C, 4D).

Patients in the ESP group had significantly more cardiovascular 
events during the follow-up period (20.7% vs 9.9%, P=0.028, 
Table 4), mainly due to a higher incidence of acute coronary 
syndromes (6.9% vs 0.9%, P=0.036, Table 4). Significantly 
more patients in the ESP group were hospitalized within the 
first year after transplantation (1 hospitalization: ESP 20.7% 
vs ETKAS 9.0%, P=0.016, Table 4). We observed a trend to-
ward more bleeding events in the ESP group (12.1% vs 5.4%, 
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Figure 1.  Acute rejection after kidney transplantation. (A) Proportion of different type of rejections following transplantation. The 
percentage of rejections refers to the total number of rejections. (B) Kaplan-Meier plot illustrating survival free from rejection 
by organ allocation method. ESP – Eurotransplant Senior Program; ETKAS – Eurotransplant Kidney Allocation System. 
(GraphPad Prism version 8.0, GraphPad Software, Inc., San Diego, CA, USA).
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Figure 2.  Graft loss and graft function. (A) Kaplan-Meier plot illustrating survival free from graft loss by organ allocation method. 
(B) Graft function following kidney transplantation as assessed by serum creatinine levels. ESP – Eurotransplant Senior 
Program; ETKAS – Eurotransplant Kidney Allocation System. * P<0.05.  (GraphPad Prism version 8.0, GraphPad Software, Inc., 
San Diego, CA, USA).
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P=0.101, Table 4). The number of patients with transplant ar-
tery stenosis, NODAT, or cancer did not differ between groups 
(Table 4). Skin tumors were the main cause of tumor diseases.

Risk	Factors	Associated	with	Mortality

Risk factors for mortality in both groups were age (odds ra-
tio 1.11, P<0.001, Table 5), ESKD due to diabetic nephropathy 
(odds ratio 2.51, P=0.027), cardiac disease (odds ratio 3.43, 
P<0.001), the number of HLA mismatches (odds ratio 1.44, 
P<0.001), the number of previous diseases (odds ratio 1.41, 
P=0.003, Table 5), and the CMV high-risk serostatus with a 
CMV-positive donor and a CMV-negative recipient (D+/R-, 
odds ratio 3.27, P<0.001). A CMV serostatus with a seroposi-
tive donor and seropositive recipient (D+/R+) tended to be a 
protective factor, but this was not statistically significant (odds 

ratio 0.55, P=0.070, Table 5). Although not statistically signif-
icant, male sex (odds ratio 1.82, P=0.077, Table 5) and diabe-
tes (odds ratio 1.78, P=0.071), trended to increase mortality. 
Multivariate analysis revealed age, number of HLA mismatch-
es, and CMV high-risk serostatus with a CMV-positive donor 
and a negative recipient as the most robust risk factors for 
mortality (Table 5).

Discussion

The age of patients requiring renal replacement therapy and 
the age at the time point of kidney transplantation are steadi-
ly increasing. The present study was conducted to identify 
risk factors for mortality of elderly patients following kidney 
transplantation.
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Figure 3.  Mortality and cause of death. (A) Kaplan-Meier plot illustrating survival by organ allocation method and (B) Cause of death 
by organ allocation method. The percentage of cause of death refers to the total number of patients. ESP – Eurotransplant 
Senior Program; ETKAS – Eurotransplant Kidney Allocation System. * P<0.05. (GraphPad Prism version 8.0, GraphPad 
Software, Inc., San Diego, CA, USA).

Parameter ESP n=116 ETKAS n=111 p-value

Overall mortality, n (%)  52 (44.8)  15 (13.5) <0.001*

Cause of death

 Infectious disease, n (%)  20 (17.2)  9 (8.1) 0.047*

 Cardiovascular event, n (%)  6 (5.2)  0 (0.0) 0.029*

 Thromboembolic event, n (%)  4 (3.4)  2 (1.8) 0.684

 Cancer, n (%)  5 (4.3)  0 (0.0) 0.060

 Unknown, n (%)  17 (14.7)  4 (3.6) 0.005*

Duration between transplantation and death (months)  40.5±4.6  21.4±6.0 0.042*

Death with functioning graft, n (%)  24 (20.7)  4 (3.6) <0.001*

Table 3. Graft function and mortality.

Data are presented as mean±standard error of the mean (SEM) unless otherwise indicated. ESP – Eurotransplant Senior Program; 
ETKAS – Eurotransplant Transplant Kidney Allocation System. * P<0.05.
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The median patient survival after 5 years was 61.2% in the 
ESP group (Figure 3A), which is consistent with data noted by 
Frei and colleagues, reporting a 5-year survival rate of 60% in 
ESP patients [8]. We observed increased mortality in the ESP 
group relative to the ETKAS group, which is similar to previ-
ous studies [11,12]; 44.8% of patients in the ESP group died 
during the observation period of 43 months in comparison to 

13.5% in the ETKAS group. Almost half of the ESP patients who 
died during the observation period had a functioning graft at 
the time of death (n=24, n=52 patients total; Table 3). ESP pa-
tients were significantly older than patients in the ETKAS group 
(Table 1). Age at transplantation is a well-identified risk factor 
for mortality, as indicated by the present study (Table 5) and 
previous studies [20]. Diabetes is an additional risk factor for 

Parameter
ESP 

n=116
ETKAS 
n=111

p-value

Patients with infectious diseases, n (%)  97 (83.6)  86 (77.5) 0.314

Infections per patient  2.3±0.2  2.2±3.6 0.786

Time of first infection after transplantation (months)  6.3±1.3  6.3±1.2 0.994

Cardiovascular events, n (%)  24 (20.7)  11 (9.9) 0.028*

Duration between transplantation and first cardiovascular event (months)  19.6±6.1  12.1±5.3 0.442

 Acute coronary syndrome, n (%)  8 (6.9)  1 (0.9) 0.036*

 Atrial fibrillation, n (%)  7 (6.0)  7 (6.3) 1.000

 Thromboembolic event, n (%)  7 (6.0)  3 (2.7) 0.334

 Decompensated heart failure, n (%)  3 (2.6)  1 (0.9) 0.622

Hospitalizations within the first year

 0, n (%)  75 (64.7)  94 (84.7) <0.001*

 1, n (%)  24 (20.7)  10 (9.0) 0.016*

 2, n (%)  12 (10.3)  5 (4.5) 0.130

 ³3, n (%)  5 (4.3)  2 (1.8) 0.447

Bleeding events, n (%)  14 (12.1)  6 (5.4) 0.101

Duration between transplantation and first bleeding event (months)  27.2±6.3  5.3±3.1 0.043*

 Gastrointestinal, n (%)  5 (4.3)  3 (2.7) 0.722

 Intracerebral, n (%)  7 (6.0)  0 (0.0) 0.014*

 Others, n (%)  3 (2.6)  3 (2.7) 1.000

Transplant artery stenosis, n (%)  7 (6.0)  7 (6.4) 1.000

Duration between transplantation and transplant artery stenosis (months)  3.0±1.2  7.8±3.4 0.182

New onset diabetes after transplantation (NODAT), n (%)  21 (18.3)  25 (23.4) 0.408

Patients with cancer following transplantation, n (%)  18 (15.5)  14 (12.6) 0.530

Duration between transplantation and diagnosis of cancer (months)  38.1±6.4  28.5±6.9 0.313

 Skin cancer, n (%)  11 (9.5)  4 (3.6) 0.108

 Renal cell carcinoma, n (%)  1 (0.9)  2 (1.8) 0.615

 Others, n (%)  6 (5.2)  9 (8.1) 0.431

Table 4. Outcome parameters.

Data are presented as mean±standard error of the mean (SEM) unless otherwise indicated. ESP – Eurotransplant Senior Program; 
ETKAS – Eurotransplant Transplant Kidney Allocation System. * P<0.05.
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mortality [8,21]. Though the incidence of diabetes was even-
ly distributed between groups in the present study (Table 1), 
more patients in the ESP group had ESKD due to diabetic ne-
phropathy, likely due to the increased patient age. Our univar-
iate analysis identified ESKD resulting from diabetic nephrop-
athy as a risk factor for mortality (odds ratio 2.51, Table 5). 
The multivariate analysis indicated age, number of HLA mis-
matches, and CMV serostatus with a seropositive donor and 
seronegative recipient as risk factors for mortality. Cardiac 
diseases were significantly more prevalent in ESP patients at 
the time of transplantation (Table 1) and were identified as 
an additional risk factor for mortality in the univariate anal-
ysis performed (odds ratio 3.43, Table 5), which is supported 
by a previous study [21].

Infections and cardiovascular disease are the predominant 
causes of death in elderly transplant recipients [22-24], with 
infections as the leading cause of death [25,26]. Similarly, our 
study indicated infectious diseases as the main cause of death 
in both the ESP and the ETKAS groups (Figure 3B). In the pres-
ent study, the number of patients with infectious diseases in 

the ESP group was similar to the ETKAS group, but the num-
ber of patients dying from infectious diseases was more than 
double in the ESP group. The severity of infections increas-
es with age [27]. Our data suggest that elderly patients have 
more severe infections, which increases mortality.

Increased donor age is associated with reduced graft surviv-
al [5,6,28,29]. Donor age was therefore included in the kid-
ney donor risk index, which stratifies factors that are asso-
ciated with a worse outcome [30]. Additional risk factors for 
graft loss are DGF, number of HLA mismatches, and cold isch-
emia time [8,31]. In our study, the incidence of DGF was sim-
ilar between groups (Table 2), which might have contributed 
to a comparable incidence of graft loss within the first year 
(Table 2) and a similar long-term kidney graft function after 5 
years (Figure 2B). Death-censored survival free from graft loss 
revealed a significant difference between the ESP and ETKAS 
group, which resulted from higher mortality in the ESP group. 
Due to regional organ allocation, the cold ischemia time was 
shorter in the ESP cohort and the number of HLA mismatch-
es was higher (Table 1).

80

60

40

20

0

ESP
ETKAS

Pathogen of infectionSurvival free from infection

[Years]

p=0.127

Bacterial Viral Fungal

[%
]

30

20

10

0

ESP
ETKAS

Viral infection

BKV CMV Others

[%
]

100

80

60

40

20

0

ESP
ETKAS

Localization of infection

*

Urinary
tract

infection

Pneumonia C. di�cile
colitis

Enterocolitis Others

[%
]

100

50

0
0 1 2 3 4 5

[%
]

ESP
ETKAS

*

*

A

C

B

D

Figure 4.  Infectious diseases. (A) Kaplan-Meier plot illustrating survival free from infections by organ allocation method. (B) Incidence 
of infections according to different pathogens. The percentage of pathogens refers to the total number of patients. 
(C) Incidence of infections according to different localizations. (D) Incidence of different viral infections. ESP – Eurotransplant 
Senior Program; ETKAS – Eurotransplant Kidney Allocation System. * P<0.05. (GraphPad Prism version 8.0, GraphPad 
Software, Inc., San Diego, CA, USA).
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Univariate Multivariate

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age 1.11 1.06-1.16 <0.001* 1.08 1.02-1.14 0.008*

Male sex 1.82 0.94-3.52 0.077

Body mass index 0.99 0.93-1.06 0.758

ESKD due to diabetic nephropathy 2.51 1.11-5.68 0.027* 1.50 0.54-4.18 0.432

ESKD due to hypertensive disorder 1.07 0.32-3.59 0.919

Diabetes 1.78 0.95-3.32 0.071

Cardiac disease 3.43 1.76-6.67 <0.001* 2.37 0.91-6.17 0.078

Immunosuppressive therapy before 
transplantation

0.58 0.26-1.28 0.174

Chemotherapy before transplantation 0.39 0.05-3.29 0.386

Time on dialysis 0.99 0.98-1.00 0.016* 1.00 0.99-1.00 0.424

Cold ischemia time 1.00 1.00-1.00 0.545

Warm ischemia time 1.00 0.99-1.01 0.713

Number of HLA mismatches 1.44 1.18-1.75 <0.001* 1.32 1.05-1.67 0.019*

Number of previous diseases 1.41 1.13-1.76 0.003* 0.97 0.69-1.35 0.836

Antithymocyte globulin 1.06 0.49-2.30 0.881

CMV serostatus

 D-/R- 0.63 0.28-1.41 0.264

 D-/R+ 0.73 0.37-1.46 0.378

 D+/R- 3.27 1.68-6.36 <0.001* 3.55 1.64-7.68 0.001*

 D+/R+ 0.55 0.29-1.05 0.070

DGF 1.30 0.60-2.79 0.502

Number of leucocytes before transplantation 1.00 1.00-1.00 0.116

Serum protein level before transplantation 1.11 0.74-1.66 0.615

C-reactive protein at time of transplantation 1.02 0.99-1.04 0.219

Table 5. Risk factors for mortality.

CI – confidence interval; CMV – cytomegalovirus; D – donor; DGF – delayed graft function; ESKD – end-stage kidney disease; 
HLA – human leucocyte antigen; R – recipient. * P<0.05.

In our study, the maintenance immunosuppressive therapy did 
not differ between groups (Table 2), which resulted in a similar 
incidence and severity of rejections in both groups (Table 2 and 
Figure 1). We observed acute rejections in only 24.1% of ESP 
and 23.4% of ETKAS patients (Table 2). Importantly, this was in 
the presence of poorly matched organs, with a higher number 
of HLA mismatches in the ESP group. Previous studies reported 
an increased rate of acute rejections and greater prevalence of 
donor-specific antibodies after transplantation in ESP patients 
[8,10,32]. Frei and colleagues reported acute rejections in 29.1% 

of ESP patients, which made acute rejections the main cause of 
graft loss [8]. In their cohort, 79.9% of patients received triple 
immunosuppressive therapy at the time of initiation and only 
59.1% of patients after 12 months, which contrasts to 96.3% 
in our ESP cohort (Table 2). Of note, the reported 5-year pa-
tient survival was similar to our ESP cohort, which was sub-
jected to an intensified immunosuppressive regimen. Fritsche 
and colleagues reported an even higher rejection rate for ESP 
patients, with 43.2% within the first year [32]. In their cohort, 
77% of ESP patients were treated with mycophenolate and 52% 
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with tacrolimus. In contrast, 93.1% of patients in our study were 
treated with mycophenolate and 98.3% of patients were treat-
ed with tacrolimus, which might have contributed to the lower 
incidence of rejections observed in our study (Table 2). Changes 
in pharmacokinetics and pharmacodynamics in elderly patients 
are a subject of discussion concerning adjustments in the stan-
dard immunosuppressive therapy [33]. However, triple thera-
py with prednisone, tacrolimus, and mycophenolate should be 
considered in older patients since reported regimens with less 
immunosuppressive therapy increased the rate of rejections in 
the context of similar mortality [8,32].

Additional risk factors for mortality identified in our patient 
cohort are the number of HLA mismatches according to both, 
the univariate and multivariate analysis, and previous diseas-
es in the univariate analysis (Table 5). HLA mismatching is a 
critical prognostic factor for graft and recipient survival [34]. 
The CMV serostatus with a CMV-negative recipient receiving 
an organ from a CMV-positive donor was identified as a risk 
factor for mortality in our study (Table 5). This serostatus is 
also associated with an increased risk for leukopenia, which 
increases mortality following kidney transplantation [35]. In 
contrast, the CMV serostatus with a seropositive donor and 
recipient trended to be protective, although this result was 
not statistically significant (Table 5). The time on dialysis was 
a protective factor according to the univariate analysis (odds 
ratio 0.99, P=0.016, Table 5) but not according to the multi-
variate analysis. This observation was likely due to a longer 
time on dialysis in the younger ETKAS group and a predom-
inant effect of increased age on mortality in the ESP group.

Despite numerous risk factors for increased mortality following 
kidney transplantation, it is important to emphasize that kidney 
transplantation in ESP patients results in longer life expectan-
cy and improved quality of life compared to dialysis patients 
in this high-risk patient cohort [13,15-17]. The ESP aims for 
a shorter cold ischemia time, which was also observed in our 
study. Of note, this resulted in a similar incidence of delayed 

graft function and a similar graft function in the long term de-
spite significantly older donors. Major limitations of our study 
are its retrospective observational design, small study popu-
lation, and the restriction to a single transplant center. Based 
on these limitations, the clinical significance of this analysis 
should be interpreted with caution.

Conclusions

In summary, our study showed increased mortality in the ESP 
cohort. Our identified risk factors in the multivariate analysis 
include older age, number of HLA mismatches, and CMV se-
rostatus with a CMV-positive donor and -negative recipient. 
According to the univariate analysis, additional risk factors 
are ESKD due to diabetic nephropathy, cardiac disease, and 
number of previous diseases. It is critical to identify these pa-
tients, who warrant special attention. Despite increased graft 
and recipient age, kidney allocation according to the ESP is 
associated with a graft survival comparable to patients allo-
cated in the ETKAS. A similar immunosuppressive regimen in 
ESP compared to ETKAS patients results in a comparable re-
jection rate, but also increases the risk of infectious diseases, 
which is the most prevalent cause of death in elderly kidney 
transplant recipients. Randomized controlled studies with larg-
er numbers of patients are needed to elucidate the optimal im-
munosuppressive regimen in this high-risk patient population.
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