ORIGINAL ARTICLE

Access to kidney transplantation in European adults
aged 75-84 years and related outcomes: an analysis
of the European Renal Association-European
Dialysis and Transplant Association Registry

Maria Pippias’

, Vianda S. Stel’, Anneke Kramer', Jose M. Abad Diez?, Nuria Aresté-Fosalba?,

Carole Ayav? Jadranka Buturovic™®, Fergus J. Caskey’-®, Frederic Collart®, Cécile Couchoud™,

Johan De Meester'"!, James G. Heaf'?, Ilkka Helantera'?

, Marc H. Hemmelder'®, Myrto Kostopoulou',

Marlies Noordzij', Julio Pascual'®, Runolfur Palsson'”'8, Anna Varberg Reiszeter'®, Jamie P. Traynor?°,

Ziad Massy?'%? & Kitty J. Jager'

1 ERA-EDTA Registry, Department of Medical
Informatics, Academic Medical Center,
Amsterdam Public Health Research Institute,
University of Amsterdam, Amsterdam, The
Netherlands

2 Servicio Aragonés de la Salud, Gobierno de
Aragén, Zaragoza, Spain

3 Department of Nephrology, University Hospital
Virgen Macarena, Seville, Spain

4 Inserm, CIC 1433 Clinical Epidemiology, CHRU
de Nancy, Nancy, France

5 Department of Nephrology, University Medical
Center Ljubljana, Ljubljana, Slovenia

6 Faculty of Medicine, University of Ljubljana,
Ljubljana, Slovenia

7 UK Renal Registry, Southmead Hospital, Bristol,
UK

8 Population Health Sciences, University of Bristol,

Bristol, UK

9 French-Belgian ESRD Registry, Brussels, Belgium
10 REIN Registry, Agence de la Biomédecine,
Saint-Denis La Plaine, France

11 Department of Nephrology, Dialysis and
Hypertension, Dutch-speaking Belgian Renal
Registry (NBVN), Sint-Niklaas, Belgium

12 Department of Medicine, Zealand University
Hospital, Roskilde, Denmark

13 Transplantation and Liver Surgery, Helsinki
University Hospital, Helsinki, Finland

14 Dutch Renal Replacement Registry (RENINE),
Nefrovisie Foundation, Utrecht, The Netherlands
15 Department of Nephrology, General Hospital
“G. Gennimatas”, Athens, Greece

16 Department of Nephrology, Hospital del Mar,
Barcelona, Spain

17 Division of Nephrology, Landspitali — The
National University Hospital of Iceland, Reykjavik,
Iceland

18 Faculty of Medicine, School of Health
Sciences, University of Iceland, Reykjavik, Iceland
19 Department of Transplantation Medicine, Oslo
University Hospital, Rikshospitalet, Norway

20 Scottish Renal Registry, Meridian Court, I1SD
Scotland, Glasgow, UK

540

To what extent access to, and allocation of kidney transplants and survival
outcomes in patients aged >75 years have changed over time in Europe is
unclear. We included patients aged >75-84 years (termed older adults)
receiving renal replacement therapy in thirteen European countries
between 2005 and 2014. Country differences and time trends in access to,
and allocation of kidney transplants were examined. Survival outcomes
were determined by Cox regression analyses. Between 2005 and 2014, 1392
older adult patients received 1406 transplants. Access to kidney transplan-
tation varied from ~0% (Slovenia, Greece and Denmark) to ~4% (Norway
and various Spanish regions) of all older adult dialysis patients, and overall
increased from 0.3% (2005) to 0.9% (2014). Allocation of kidney trans-
plants to older adults overall increased from 0.8% (2005) to 3.2% (2014).
Seven-year unadjusted patient and graft survival probabilities were 49.1%
(95% confidence interval, 95% CI: 43.6; 54.4) and 41.7% (95% CI: 36.5;
46.8), respectively, with a temporal trend towards improved survival out-
comes. In conclusion, in the European dialysis population aged >75—
84 years access to kidney transplantation is low, and allocation of kidney
transplants remains a rare event. Though both are increasing with time
and vary considerably between countries. The trend towards improved
survival outcomes is encouraging. This information can aid informed
decision-making regarding treatment options.
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The overall number of patients aged >75 years com-
mencing renal replacement therapy (RRT) for end-stage
renal disease (ESRD) in most European countries con-
tinues to grow [1]. In 2014, patients aged >75 years
made up 29% of Europe’s incident RRT patients and
21% of the prevalent RRT population [2]. The Euro-
pean Renal Association—FEuropean Dialysis and Trans-
plantation Association (ERA-EDTA) and the European
Union Geriatric Medicine Society recently included kid-
ney transplantation among their topics of interest for
inclusion in the new European guidelines on managing
chronic kidney disease in older patients [3].

Most transplant guidelines do not consider older age per
se as a contraindication to kidney transplantation [4-6].
Nevertheless within Europe, only 2.1% of kidney trans-
plants performed in 2012 were allocated to patients aged
>75 years [7]. Within the United States of America (USA)
in 2014, the same percentage (2.1%) of kidney trans-
plants performed in adults were allocated to those aged
>75-84 years, having increased 10-fold from 0.18% in
1996 [8]. To what extent kidney transplant allocation in
patients aged >75 years has changed over time in Europe
is unclear.

Reports from the USA have shown an improved sur-
vival of kidney transplant recipients aged >75 years
between the 1990s and 2000s [8,9]. Whilst a few Euro-
pean studies with small sample sizes have examined sur-
vival of older kidney transplant recipients [10-13], the
prognosis of recipients aged >75 years in a large Euro-
pean cohort is lacking. Given the reported differences in
patient characteristics and treatment outcomes between
the USA and European kidney transplant recipients
[14], one cannot predict patient outcomes in the Euro-
pean setting based on USA data. Knowledge of trans-
plant outcomes in this age group is necessary for both
healthcare professionals and potential recipients to make
informed decisions regarding treatment options.

Using data from 13 European countries for patients
aged >75-84 years receiving RRT over the past decade,
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we investigated trends in (i) access to kidney transplan-
tation, (ii) kidney transplant allocation rates, (iii) the
type of donor utilized for this age group and (iv) the
prognosis of these recipients and their grafts.

The study population comprised prevalent patients aged
>75-84 years (henceforth termed ‘older adults’) receiv-
ing RRT for ESRD between 2005 and 2014, from 25
national/regional renal registries supplying individual
patient data to the ERA-EDTA Registry. These coun-
tries/regions were Austria, Dutch- and French-speaking
Belgium, Denmark, Finland, France, Greece, Iceland, the
Netherlands, Norway, Slovenia (2008-2013), the Span-
ish regions of Andalusia, Aragon, Asturias, Basque
country, Catalonia, Cantabria, Castile-La Mancha, Cas-
tile and Leon, Extremadura, Galicia (from 2007),
Madrid (from 2008), and Valencia, Sweden and Scot-
land. In 2014, all registries had 100% coverage of the
general population in their region, accounting for 235
million Europeans (30% of the European population).
Details of the methods used for data collection can be
found in the ERA-EDTA Registry Annual Report [15].
In addition, 20 of the 25 registries with the available
data provided details on donor age and deceased donor
type (heart beating and nonheart beating donor).

We calculated the following trends:
1. Access to kidney transplantation among older adult
patients receiving RRT
We defined access to kidney transplantation as the num-
ber of transplants performed in older adult patients per
calendar year, divided by the number of prevalent older
adult dialysis patients on the 31st December of that year.
2. Allocation of kidney transplants to older adult patients
This was defined as the number of kidney transplants
performed in older adult patients per calendar year
divided by the total number of transplants performed in
adults (=20 years) in the year in question.
3. Age and type of donor utilized in transplanting older
adult patients
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For the above three analyses, we included first and subse-
quent kidney transplants from a living or deceased donor.
Analyses were performed separately by country/region,
and for all countries/regions combined. For all countries/
regions combined, we examined time trends in kidney
transplantation using Joinpoint regression [16]. The year
was taken as the explanatory variable and the observed
rate as the outcome. The annual percentage change
(APC) was computed using Poisson’s regression as pro-
vided by the Joinpoint regression program [17].
4. Patient and graft survival
Survival analyses were restricted to kidney transplant
recipients who received their first transplant when aged
>75-84 years, between 2005 and 2013. The survival time
started with the date of transplantation and ended with
the event of interest, a censored observation which
included loss to follow-up, or with the end of the follow-
up period (31 December 2014). For patient survival, the
event of interest was patient death. For graft survival,
there were two types of analyses; for death-censored graft
survival, the event of interest was graft failure and the
censored event was patient death with a functioning graft.
For graft survival, both death with a functioning graft and
graft failure were considered events of interest. The kid-
ney transplant recipients were divided into three cohorts,
based on the year of transplantation; cohort 1: 2005—
2007, cohort 2: 2008-2010, and cohort 3: 2011-2013.

Death and graft failure rates per 1000-patient years
were calculated by dividing the total number of
events (deaths or graft failure, respectively) by the
total person-time at risk. Total person time at risk
was calculated by summation of the individual sur-
vival times. The Kaplan-Meier method was used to
calculate unadjusted survival probabilities and Cox
regression analysis to compare adjusted survival prob-
abilities. For the Cox regression analysis, we investi-
gated the effect of the year of transplantation on the
hazard of patient death, graft failure and graft failure
censored for death. The transplant year 2009 was con-
sidered the reference year. Adjustments were made for
country of transplantation, age at transplantation, pri-
mary renal disease, sex, dialysis vintage, donor age
and donor type (living versus deceased donor). In
addition, a competing risk analysis was performed
whereby patient death was considered the event of
interest and graft failure resulting in a return to dial-
ysis or re-transplantation and loss to follow-up were
considered competing events.

All analyses were performed using sas software 9.4, r
version 3.3.1 and Joinpoint 4.0.4 [17]. A P-value of less
than 0.05 was considered statistically significant.
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Between 2005 and 2014, 1392 older adult patients
1406  kidney transplants (Table SI1).
Ninety-six per cent (N = 1331) received a first kidney
transplant, 4.1% (N = 58) a second and 0.2% (N = 3)
a third. Fourteen patients received two transplants
during the 10-year timeframe whilst aged >75-
84 years. In 2014, the median age at transplantation
was 77.0 years [interquartile range (IQR): 75.9-78.1].
Only 8.9% (N = 125) of the older adults were aged
>80-84 years at the time of transplantation. In 2014,
71% of all transplant recipients were male, whereas
60% of the prevalent older adult dialysis population
were male. There was no statistically significant
change in the sex distribution of either group over
time.

Of the 1331 first kidney transplant recipients, 8.3%
(N = 111) received a pre-emptive transplant, with the
majority (77.5%, N = 86) occurring during the years
2011-2014. Only 15% (N = 17) of pre-emptive trans-
plants were from living donors. For the non-pre-
emptive transplant recipients, the median dialysis time
prior to the first transplant was 2.0 years (IQR:
1.20-3.40).

received

Access to kidney transplantation among older adult
patients receiving RRT

The percentage of older adult patients on RRT for
ESRD who received a kidney transplant, by country/
region and overall, and by year 2005-2014, is shown in
Table 1. Access to kidney transplantation was consis-
tently highest in Norway (approximately 4% per year),
and the Spanish regions of Aragon, Asturias, Castile-La
Mancha and Madrid, whilst in Slovenia, Greece and
Denmark, this was 0% or nearly 0%. For all countries/
regions combined, access to kidney transplantation in
older adult patients rose from 0.30% to 0.90% between
2005 and 2014 [APC: 13.9%, 95% confidence interval
(95% CI): 11.5; 16.3].

Allocation of kidney transplants to older adult
patients

Between 2005 and 2014, 1.8% of the 76 202 trans-
plants performed in patients aged >20-84 years in
these combined countries/regions were allocated to
patients aged >75-84 years. Over the 10-year period,
the proportion of kidneys allocated to older patients
quadrupled from 0.8% in 2005 to 3.2% in 2014 (APC
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Kidney transplantation in European adults aged 75-84 years

Table 1. Percentage of prevalent dialysis patients aged >75-84 years on renal replacement therapy for end-stage renal
disease who received a kidney transplant, by country/region and overall, and by year during 2005-2014. Where cells
are empty data are unavailable.

Year

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Austria 0.48 0.59 0.47 0.46 0.32 0.83 0.50 0.90 0.30 0.59
Belgium: Dutch-speaking 0.08 0.15 0.22 0.07 0.13 0.13 0.24 0.18 0.12 0.12
Belgium: French-speaking 0.00 0.00 0.00 0.11 0.22 0.32 0.21 0.31 0.39 0.29
Denmark 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00
Finland 0.00 0.56 0.00 0.28 0.85 0.27 0.81 0.26 0.78 1.02
France 0.23 0.27 0.26 0.26 0.41 0.42 0.40 0.61 0.71 0.92
Greece 0.00 0.00 0.04 0.00 0.04 0.00 0.04 0.00 0.03 0.00
Iceland 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00
Netherlands 0.75 0.15 0.50 0.26 0.75 0.72 0.75 1.12 1.10 1.02
Norway 2.70 3.34 1.89 2.77 2.88 2.07 4.99 4.06 2.97 3.76
Slovenia 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Spain: Andalusia 0.73 0.32 0.10 0.09 0.17 0.17 0.41 0.48 0.40 0.48
Spain: Aragon 0.56 1.14 1.60 0.50 2.05 1.86 2.46 2.35 2.67 2.73
Spain: Asturias 0.74 3.97 1.29 0.64 3.36 0.65 0.00 0.56 0.55 2.42
Spain: Basque 0.00 0.00 0.41 0.41 1.85 0.76 1.05 1.37 0.96 0.98
Spain: Catalonia 0.52 0.51 0.34 0.65 0.85 0.89 1.52 1.51 1.72 2.66
Spain: Cantabria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Spain: Castile-La Mancha 0.76 2.12 2.11 1.31 0.65 0.97 2.63 1.66 2.19 0.72
Spain: Castile and Leon 0.54 0.26 0.46 0.00 0.44 0.88 1.27 1.07 2.56 2.55
Spain: Extremadura 0.00 0.00 0.00 1.43 0.63 0.59 0.00 0.00 0.00 0.52
Spain: Galicia 0.24 0.22 0.00 0.00 0.56 0.19 0.00 0.00
Spain: Madrid 3.07 2.79 2.96 1.92 2.10 2.59 3.70
Spain: Valencia 0.00 0.00 0.11 0.11 0.20 0.10 0.00 0.37 0.09 0.09
Sweden 0.00 0.00 0.21 0.31 0.00 0.31 0.00 0.92 0.20 0.80
UK: Scotland 0.26 0.00 0.26 0.48 0.24 0.44 0.90 0.23 0.45 0.69
All 0.30 0.31 0.29 0.36 0.49 0.49 0.56 0.67 0.70 0.90

16.3%, 95% CI: 13.4; 19.2; Table 2 and Tables S1 and
S2), with a substantial variation seen across Europe. In
the later years, 2-5% of all adult kidney transplanta-
tions in France, Norway, the Netherlands and Spain
(when analysing all regions together and covering
87.5% of the Spanish population) were allocated to
older adult RRT patients. Conversely, in Denmark,
Greece and Slovenia, this was 0% or nearly 0%
(Table 2). Overall the percentage of prevalent older
adults (aged >75-84 years) receiving dialysis as a pro-
portion of all adult dialysis patients (aged >20-
84 years) increased from 26.3% in 2005 to 31.1% in
2014 (APC 1.8%, 95% CI: 1.4; 2.2; Table S3). Again
this varied across the countries/regions, from 21.8% in
Scotland (2014) to 41.8% in Dutch-speaking Belgium
(2014). Norway was the only country where the per-
centage of prevalent older adults receiving dialysis as a
proportion of all adult dialysis patients significantly
declined over the 10-year time period.

Transplant International 2018; 31: 540-553
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Age and type of kidney donor utilized in
transplanting older adult patients

Ninety-one per cent (N = 1286) of kidney transplants
performed in older adult patients originated from
deceased donors, 5.1% (N =71) from living donors
and 3.5% (N =49) from unknown donor sources.
For the majority of countries, all kidney allografts in
this age group came from deceased donors (Fig. 1,
left panel). Some countries transplanted kidneys from
living donors; however, compared with the percentage
of living donor kidney transplants performed in recip-
ients aged >20-74 years in the same time period, even
these countries had a comparatively low number of
living donor transplants in older adult patients
(Fig. 1, right panel). Over the 10-year period, the
proportion of deceased donor transplants increased
(APC 2.8%, 95% CI: 0.7; 5.0), whilst the percentage
of living donor transplants appeared to decline (APC
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Table 2. Percentage of transplants carried out in adults (=20 years) which were performed in recipients aged >75-

84 years, by country/region and overall and by year during 2005-2014. Where cells are empty, data are unavailable.

Year

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Austria 1.1 1.3 0.9 1.3 0.8 2.2 1.1 2.1 0.8 1.6
Belgium: Dutch-speaking 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Belgium: French-speaking 0.0 0.0 0.0 0.6 1.1 1.7 1.0 1.6 2.2 1.8
Denmark 0.0 0.0 0.0 0.0 0.0 0.0 04 0.0 0.0 0.0
Finland 0.0 1.0 0.0 0.7 1.8 0.6 1.8 0.5 1.7 1.8
France 0.6 0.8 0.8 0.9 1.6 1.8 1.7 2.6 3.1 3.9
Greece 0.0 0.0 0.4 0.0 0.6 0.0 0.5 0.0 0.6 0.0
Iceland 0.0 0.0 0.0 0.0 0.0 9.1 0.0 0.0 0.0 0.0
Netherlands 1.3 0.3 0.9 0.6 1.6 1.5 1.7 2.3 2.3 2.1
Norway 3.7 4.8 2.3 3.3 3.5 2.8 5.7 4.8 3.8 4.9
Slovenia 0.0 0.0 0.0 0.0 0.0 0.0

Spain: Andalusia 1.9 0.8 0.3 0.3 0.5 0.6 1.2 1.3 1.2 1.3
Spain: Aragon 1.4 3.1 3.8 1.7 5.6 59 6.3 7.0 6.7 7.2
Spain: Asturias 2.1 9.2 3.6 2.5 10.9 2.3 0.0 2.0 1.9 7.8
Spain: Basque 0.0 0.0 0.9 0.9 4.8 1.7 2.7 3.4 1.9 2.4
Spain: Catalonia 1.3 1.5 0.9 1.7 2.2 2.7 3.7 3.8 49 6.5
Spain: Cantabria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spain: Castile-La Mancha 2.4 7.0 6.9 4.0 2.4 3.7 9.8 5.2 5.6 2.1
Spain: Castile and Leon 1.7 0.9 2.0 0.0 2.2 3.8 5.9 3.9 9.0 8.7
Spain: Extremadura 0.0 0.0 0.0 5.0 2.2 2.4 0.0 0.0 0.0 1.8
Spain: Galicia 1.0 0.8 0.0 0.0 2.1 0.7 0.0 0.0
Spain: Madrid 6.9 6.3 6.6 4.6 4.6 5.9 8.1
Spain: Valencia 0.0 0.0 0.5 0.5 1.0 0.5 0.0 1.8 0.4 0.5
Sweden 0.0 0.0 0.5 0.8 0.0 0.9 0.0 2.4 0.5 1.9
UK: Scotland 0.7 0.0 0.5 1.0 0.5 1.1 2.0 0.4 0.8 1.2
All 0.8 1.0 0.9 1.2 1.7 1.9 2.0 2.5 2.5 3.2

—5.8%, 95% CI: —14.7; 4.1). The median age of
deceased donors rose by 10 years, from 67 years
(IQR: 57; 73) in 2005 to 77 years (IQR: 70; 80) in
2014 (Fig. 2). There were too few living donors to
examine annual trends. However, overall the median
age of the living donors was lower than that of the
deceased donors (60 years, IQR: 52; 71). The median
age of deceased donors appeared to be higher in
countries/regions with higher transplantation rates in
the older adult age group (Table S4).

Patient and graft survival

Between 2005 and 2013, 1080 older adult patients
received their first kidney transplant (Table 3). There
were no significant differences in the characteristics of the
three transplant cohorts. With each passing transplant
cohort, the mortality rate per 1000-patient years declined,
whereas the number of graft-failure events per 1000-
patient years varied from 140.2 (95% CI: 115.1; 165.3) to
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115.2 (95% CI: 96.5; 134.0), to 135.5 (95% CI: 113.6;
157.5) over the three time cohorts (Table 4). Seven-year
patient survival probability was 48.0% (95% CI: 42.7;
53.0), graft survival probability was 41.3% (95% CI: 36.4;
46.2) and death-censored graft survival probability was
79.2% (95% CI: 75.0; 82.7; Fig. 3a—c, respectively). There
was a trend towards improved adjusted patient and graft
survival with each passing year (Fig. 4). The competing
risk analysis for the outcome death-censored graft failure
is presented in Fig. S1. The most common cause of death
was infection (31.7%), followed by a cardiac cause
(ischaemic heart disease, heart failure or cardiac arrest)
or a cerebrovascular event (21.7%) and death from malig-
nancy (11.3%). The cause of death was unknown for
15.8% of the kidney transplant recipients.

Using data from 13 European countries, we found a
limited access to and allocation of kidney

Transplant International 2018; 31: 540-553
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Figure 1 Percentage of kidney transplants performed in patients aged >75-84 (left panel) and >20-74 years (right panel) in 2005-2014, by donor
type; deceased donor, living donor and unknown donor type. The absence of a bar indicates that no transplants were performed in this age group.
*Data from Slovenia are for 2005-2013; data for Galicia are for 2007-2014; and data for Madrid are for 2008-2014. BE, Belgium; ES, Spain.

transplantation among older adult patients. Although
the access to kidney transplantation and allocation of
kidneys to older adult patients increased over time, both
varied considerably between European countries. As the
RRT population continues to age, the number of poten-
tial older adults eligible for kidney transplantation is
likely to increase. Hence, the identification of time
trends and international variation in access to kidney
transplantation is an essential first step in finding expla-
nations for the differences between countries. This is
the largest European study on the prognosis of patients
receiving a kidney transplant whilst aged >75-84 years.
We found a trend towards improved patient and graft
survival after the first year of transplantation. This
information is important for both healthcare profession-
als and older adult patients with ESRD when consider-
ing kidney transplantation as a treatment modality.

Transplant International 2018; 31: 540-553
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Access to and allocation of kidney transplants to
older adult patients is increasing but varies across
countries

Within the European countries combined, access to kid-
ney transplantation increased somewhat, from 0.3% of
all prevalent older adults receiving RRT in 2005 to 0.9%
in 2014. In comparison, this figure was 0.3% in 2005
and only 0.4% in 2014 in the USA [8]. Allocation of
kidney transplants to this age group, although relatively
rare, has increased over time, from 0.8% of all kidney
transplants performed in adults (>20 years) in 2005 to
3.2% in 2014. In the USA, the increase in the allocation
of all kidney transplants performed adults
(>18 years) increased modestly from 1.4% to 2.0% over
the 10-year period [8].

in
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Figure 2 The age of deceased donors
who donated a kidney, during 2005~
2014 to prevalent patients on renal
replacement therapy for end-stage
renal disease, aged >75-84 years,
presented by year of transplant. Donor
age presented by median (black circle),
mean (yellow diamond) and quartiles.
Based on data from Austria, Denmark,
Finland, France, Greece, Iceland, the
Netherlands, Norway, the Spanish
regions of Andalusia, Aragon, Asturias,
Basque, Catalonia, Cantabria, Castile-
La Mancha, Castile and Leon,
Extremadura, Galicia (from 2007),
Madrid (from 2008) and Scotland.
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Table 3. Baseline characteristics of patients aged >75-84 years who received their first kidney transplant during 2005-
2013, and the donor features, by transplant cohort.

Cohort
Characteristic 2005-2007 2008-2010 2011-2013 P-value
Number of recipients 205 333 542
Male, %/N 68.8/141 66.1/219 68.3/368 0.74
Age at RRT onset, median (IQR) 74.7 (73.4, 76.2) 74.7 (73.1, 76.4) 75.0 (73.4, 76.6) 0.29
Age at transplantation, median (IQR) 76.3 (75.6, 78.0) 76.8 (75.8, 78.0) 76.9 (75.8, 78.3) 0.70
Dialysis time, median (IQR) 1.8 (0.97, 3.0) 2.0(1.1, 3.3) 1.8(0.9, 3.2) 0.23
Primary renal disease, %/N
Diabetes mellitus type | & I 15.6/32 13.2/44 12.0/65 0.30
Hypertension/renovascular disease 26.3/54 26.7/89 28.2/153
Glomerulonephritis/sclerosis 19.0/39 17.1/57 12.9/70
Other 36.6/75 41.4/138 45.0/244
Missing 2.4/5 1.5/5 1.9/10
Initial RRT modality, %/N
Haemodialysis 71.2/146 76.6/255 71.4/387 <0.001
Peritoneal dialysis 15.6/32 10.8/36 15.7/85
Kidney transplant 4.9/10 5.1/17 9.6/52
Missing 8.3/17 7.5/25 3.3/18
Donor type, %/N
Living donor 5.4/11 5.1/17 4.8/26 0.03
Deceased donor 86.8/178 92.5/308 91.5/496
Unknown donor 7.8/16 2.4/8 3.7/20
Donor age, median (IQR)
Living donor 67.5 (55.0, 74.0) 59.0 (25.0, 66.0) 60.0 (47.0, 71.0) 0.24
Deceased donor 71.0 (61.0, 76.0) 74.0 (68.0, 78.0) 75.0 (70.0, 79.0) <0.001

% Missing ()

19.7 (34)

10.5 (35)

7.9 (43)

RRT, renal replacement therapy.
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Table 4. Death and graft failure rates per 1000-patient years with the 95% confidence interval (95% Cl) for patients
aged >75-84 years who received their first kidney transplant during 2005-2013, by transplant cohort.

2005-2007 2008-2010 2011-2013

Number of recipients 205 333 542
Patient death

Number of death events 11 118 94

Total person-time at risk (years) 939.9 1400.9 1182.7

Death rate per 1000-patient years (95% Cl) 118.1 (96.1; 140.1) 84.2 (69.0; 99.4) 79.5 (63.4; 95.5)
Graft failure

Number of graft failure events 120 145 146

Total person-time at risk (years) 856.0 1258.2 1077.2

Graft failure rate per 1000-patient years (95% Cl)

140.2 (115.1; 165.3)

115.2 (96.5; 134.0) 135.5 (113.6; 157.5)

A striking finding of this study is the substantial
variation in the access to and allocation of kidneys to
older adult patients across Europe. For example, in
Norway, where the access to transplantation was high-
est, 3-4% of prevalent older adult dialysis patients
received a kidney transplant each year, whereas in the
neighbouring Scandinavian countries, this was only 0-
1% per year. Possible explanations for this variation
include
towards dialysis and kidney transplantation in the older
adult, both among healthcare professionals and
patients, country-specific healthcare expenditures, organ
allocation policies and the number of available kidneys
from older donors. The Eurotransplant Senior Program
is a strategy aimed at increasing kidney transplantation
in older adults [18]. Organs from deceased
donors aged >65 years are allocated without human
leukocyte antigen (HLA) matching to potential recipi-
ents aged >65 years, thereby simultaneously increasing
the donor pool for older and younger patients.
Although active since 1999 in four countries included
in this study [Austria, Dutch- and French-speaking Bel-
gium, Slovenia (since 2000) and the Netherlands], the
percentage of older adults receiving a deceased donor
kidney transplant varied between these countries.
Therefore, the difference cannot, in this case, be
explained exclusively by a relative shortage of kidneys
from older deceased donors or differences in national
allocation policies. It is well-known that even within
countries such as Spain, which has one of the highest
organ transplantation rates overall, regional differences
do exist [19]. In this study, we noted a substantial dif-
ference in access to and the allocation of kidney trans-
plants in older adults among the regions of Spain,
suggesting that access to transplantation in older adult
patients may also vary within a country despite having
the same allocation policy.

differences between countries in attitudes

rates
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The differences may also lie with the attitudes
towards transplantation in general, and transplanting
older adults in particular. For example, whilst Greece
has one of the highest incidences of RRT in Europe for
both young and older patients, the deceased donor kid-
ney transplantation rates are among the lowest in Eur-
ope for both young and old individuals [7]. Limited
education among healthcare professionals about organ
donation and poor media interest have been suggested
as possible causes for the low uptake of organ donation
[20,21]. In the United Kingdom, the Netherlands and
the USA, a systematic review reported that nephrolo-
gists recommending transplantation to patients aged
>60 years varied from 10% to 59% [22].

It should be noted that access to kidney transplanta-
tion in this study reflects the proportion of older adults
from the older adult dialysis population receiving a
transplant. However, the incidence and the prevalence
of older adults receiving dialysis vary between countries
[7]. The greater the percentage of patients receiving a
kidney transplant may therefore reflect a lower inci-
dence of RRT within a country or a lower percentage
of prevalent older adults as a proportion of the adult
dialysis population. Furthermore, given our definition
of access to kidney transplantation, we do not account
for the proportion of older adult patients listed on the
kidney transplant waiting list (as these data were
unavailable to us). It is likely that this also varies sub-
stantially between countries and will play a role in the
subsequent allocation of kidney transplants to this age

group.
The majority of allografts utilized in this age group

are from old deceased donors

The vast majority of kidney allografts were from
deceased donors, even in countries with traditionally
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Figure 3 Probability of patient survival (a), graft survival (b), and death-censored graft survival (c) in patients aged >75-84 years who received

their first kidney transplant in 2005-2013 and by transplant cohort.

high living donor rates such as the Netherlands and
Norway. This could reflect a patient’s and/or clinician’s
apprehension of placing undue risk on either a younger
(i.e. offspring) or older (i.e. spouse/partner) donor to
surgery for the benefit of an older adult patient. Only
5% of all renal allografts transplanted in this age group
were from living donors (8.5% at best, assuming all
unknown donor types were living donors). This is in
stark contrast to the USA where 20% of renal allografts
transplanted in this age group were from living donors
[8]. The difference in the practice of utilizing living
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kidney donors between Europe and the USA is well-
known [23]. Although still relatively small, the number
of living donor kidney transplants in patients >65 years
in the USA has been slowly increasing [24]. In our
study, the number of kidney grafts from living donors
transplanted into older adult patients appeared to
decrease. The outcomes of older, that is >70 years, liv-
ing donor renal allografts in older recipients have been
shown to be equivalent to those from standard criteria
donors (SCD) aged 50-59 years [25]. Therefore, clini-
cally, the greater utilization of older living donors may
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Figure 4 Effect of transplant year on
the hazard of patient death (a), graft
failure (b) and death-censored graft
failure (c), with 95% confidence
bands for patients aged >75-84 years
receiving their first kidney transplant
between 2005 and 2013, and
adjusted for country of
transplantation, age at
transplantation, sex, primary renal
disease, dialysis vintage, and donor
age and type (living versus deceased
donor). The year 2009 was taken as
the reference year.
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prove a useful for increasing the access to transplanta-
tion in this age group.

Deceased kidney donors utilized in this age group are
getting older

During the study period, the median age of the
deceased kidney donors rose from 67 to 77 years.
This may well reflect the increased acceptance of uti-
lizing extended criteria donor (ECD) kidneys, which
by definition includes all donors aged >60 years.
Patients aged >65 years who accept an ECD kidney
within 2 years of commencing dialysis have a slightly
longer life expectancy compared with their counter-
parts waiting for a SCD or a living donor kidney
[26]. For patients aged >70 years, there is no relative
survival benefit from medium compared with low-
quality kidneys [27]. Furthermore, in recipients
>70 years, ECD kidneys are not significant predictor
of death or graft loss [28]. In clinical practice, reduc-
ing the time spent on dialysis with a kidney trans-
plant from either an older living donor or an ECD
may reduce mortality in this age group. Although the
median time on dialysis prior to the first kidney
transplantation in this study did not change, 77% of
the pre-emptive transplants
4 years, which in future may translate to improved
survival.

occurred in the last

Survival of older kidney transplant recipients may
well be improving, although death-censored graft
survival remains unchanged

The trend towards improved post-transplant patient
and graft survival over the past decade observed in this
study is consistent with outcomes seen in older trans-
plant recipients in the USA [9] and in younger recipi-
ents in Europe [1]. Although this remains, to our
knowledge, the largest analysis of transplant outcomes
in older adult European recipients, the relatively small
sample size may explain the statistically nonsignificant
trends. Of the older patients who received a kidney
transplant during 2005-2013, the 2-year patient survival
was 84%. This finding is in line with studies from the
USA where the reported 2-year probability of patient
survival in recipients aged >70-79 years and trans-
planted in 2000-2008 was 85%, whereas the 2-year
patient survival in those >80 years was lower at 74%
[29]. In comparison with graft failure rates, death-cen-
sored graft survival rates were very high, indicating that
these patients are dying with a functioning graft as a
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result of their age and/or comorbidities or transplant-
related complications.

The main strength of this study is the inclusion of 13
European countries, with coverage of 235 million indi-
viduals, over a 10-year time period in the analysis of kid-
ney transplantation rates, donor sources and survival
outcomes of kidney transplantation, which is a rare
event in the older RRT population. By contrast, the
study is limited by the lack of information regarding
comorbidities and, most importantly, transplant waiting
list status, donor-related factors, such as cause of death,
and transplant-related factors, including HLA-match,
immunosuppression regimes and acute rejection epi-
sodes which have been shown to influence survival out-
comes [30]. As patient selection patterns and
immunosuppression regimes are likely to vary between
transplant centres, the survival outcomes will vary at the
transplant centre level; therefore, these results cannot be
considered generalizable to all older adult patients. In
this study, we defined access to kidney transplantation as
the number of patients receiving a transplant as opposed
to the number of wait-listed patients, with the former
dependent on the number of available donors. As the
number of available donors in countries will vary, our
definition is not the ideal approach for country compar-
isons. However, without access to kidney transplant
waiting list data, we can only provide this type of com-
parison. It should be noted, however, that being defined
as having access to the waiting list is not what patients
would consider most important; it is actually receiving a
kidney transplant. Furthermore, without access to wait-
ing list data, we were unable to compare survival out-
comes between older adult transplant recipients and
those receiving dialysis whilst listed on the kidney trans-
plant waiting list. Knowledge of survival outcomes of
patients receiving these different RRT modalities aid
informed decision-making regarding treatment options.

Over the past 10 years, the frequency with which the
European RRT population aged >75-84 years had access
to and were allocated allografts increased. Despite this,
kidney transplantation in this older adult age group
remains a rare event whose occurrence varies consider-
ably across Europe because of known and unknown rea-
sons. The trend towards improved patient and graft
survival is encouraging. Changes in clinical practice poli-
cies, such as reducing pretransplant dialysis time by per-
forming an early transplantation using an older living
donor kidney or eliminating pretransplant dialysis
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altogether by carrying out a pre-emptive transplant, may
over time further improve patient survival. However, it
should be kept in mind that the older adult RRT popula-
tion in this study are a very select group of individuals. It
is vital that older patients are only transplanted when they
are likely to benefit from the procedure, and therefore,
prediction models identifying which older RRT patients
will benefit from kidney transplantation are warranted.
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>75-84 years who received their first kidney transplant
between either 2005-2007 (cohort 1, 10-year follow-up),
2008-2010 (cohort 2, 7-year follow-up) and 2011-2013
(cohort 3, 4-year follow-up).

Table S1. Number of prevalent patients aged >75-
84 years on dialysis for end-stage renal disease, who
received a kidney transplant, by country/region and
overall, and by year during 2005-2014.

Table S2. Number of prevalent patients aged >75-
84 years on dialysis for end-stage renal disease, by
country/region and overall, and by year during 2005-

2014.

Table S3. Percentage of prevalent patients aged >75—
84 years on dialysis for end-stage renal disease expressed
as a percentage of all adult dialysis patients aged >20-
84 years, and the annual percentage change (APC) with
95% confidence interval (95% CI) by country/region
and overall, and by year between 2005 and 2014.

Table S4. The median age and interquartile range
(IQR) of deceased donors for recipients of kidney trans-
plants aged >75-84 years performed between 2005 and
2014, by country/region.
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