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Summary

Introduction

QUESTIONS UNDER STUDY: The aim of this study was
to evaluate risk factors and outcome of expanded-criteria
donor (ECD) kidney transplants in patients with low immunological risk.
METHODS: We evaluated graft survival and graft function
in 265 recipients with low immunological risk defined as
the absence of pretransplant donor-specific HLA antibodies.
RESULTS: A total of 112 (42%) kidneys derived from
ECD and 153 (58%) from standard-criteria donors (SCDs).
Overall, in a multivariate Cox regression, ECD status was
the only significant risk factor for graft failure (hazard
ratio [HR] 2.31, 95% confidence interval [CI] 1.22–4.37;
p = 0.01). In the SCD group there was an increased risk
for graft failure with increasing recipient age (HR 1.06
per year, CI 1.01–1.10; p = 0.02) and in the ECD group
a trend for risk reduction for recipients treated with tacrolimus (Tac) (HR 0.46, CI 0.20‒1.06; p = 0.07). One, three
and five-year graft survival of ECD kidneys was significantly better when recipients were treated with Tac (95%,
88% and 72%, respectively) than when they were treated
without Tac (73%, 65% and 50%, respectively) (p = 0.008).
At three years, ECD kidneys had a lower median estimated creatinine clearance (eCrCl) than SCD kidneys (37
vs 58 ml/min, p <0.001). Within the ECD group, recipients treated with Tac had a higher median eCrCl than those
treated without Tac (41 ml/min vs 33 ml/min, p = 0.004).
Graft function from one to three years was preserved in
ECD recipients treated with Tac (median change 0.0 ml/
min, p = 0.4) compared with those treated without Tac (median change –3.2 ml/min, p = 0.005).
CONCLUSION: Tac-based immunosuppression seems to
improve graft survival and to preserve graft function in
ECD kidneys with low immunological risk.

While the supply of organs cannot meet the rising need
for donor kidneys, transplantation waiting lists are growing
and a considerable number of patients die on the waiting
list [1–3]. For this reason, from the end of the 1990s, deceased donor criteria have been extended to try to minimise the disparity between organ demand and supply [4, 5].
However, while in the USA the rate of kidneys from expanded criteria donors (ECDs) among all transplanted kidneys has slightly increased from 14.3% in 1999 to 17.1% in
2008, there is still an unaltered average discard rate of 40%
for ECD kidneys which might be the consequence of an assumed inferior outcome [6, 7]. To assess the organ quality
with respect to the outcome, several scoring systems considering a varying number of clinical, laboratory and histological parameters have been developed during the last
15 years [4, 8–11]. Based on these scores, most studies
reported a substantial poorer graft survival [4, 7, 10, 15]
and function [7, 9, 14, 16, 17] of ECD kidneys. Depending on the score applied and the populations studied, differences in one-year kidney graft survival between ECD and
standard criteria donor (SCD) recipients remarkably varied between 1.8% and 31.9% [4, 7, 13, 14, 16, 18–20].
In previous studies, however, immunological factors such
as sensitisation of the recipient, type of immunosuppression and episodes of rejection, which are still regarded as
the most important determinants of long-term outcome in
kidney transplantation, were poorly controlled [21]. So far,
the immunological risk was assessed by the number of human leucocyte antigen (HLA) mismatches and the level
of panel reactive antibodies, both variables are known to
lack specificity and sensitivity in predicting the immunological risk [13, 16, 22–27]. During the last years, prediction of the immunological risk has dramatically improved
with the advent of new techniques such as single-antigen
flow-beads, which allow detection of donor-specific HLAantibodies (HLA-DSA) with very high accuracy [25, 27].
Moreover, recent studies revealed that transplants in the absence of HLA-DSA were associated with a very low risk
for early rejection and good long-term allograft survival
[28–32]. However, the donor status was not taken into ac-
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count in these studies and respective analyses were not performed. In our study, we therefore investigated risk factors
and outcome of ECD kidneys in a well-defined, immunological low-risk population characterised by the absence of
pre-transplant HLA-DSA.

Methods
Study design
We conducted a single centre cohort study including all
patients without pretransplant HLA-DSA who received a
deceased-donor kidney transplant at the University Hospital Basel between January 1999 and December 2010. Excluded were recipients of HLA-identical transplants and
recipients treated with anti-T-lymphocyte globulin (see
fig. 1). Follow-up was at least one year, and follow-up
ended with death, graft failure, or the end of the observational period in December 2011. Donors were retrospectively categorised as standard or ECD donors according to
the ECD score, as adopted by the OPTN/UNOS board of
directors in 2001 [4]. Based on this score, donors were classified as ECD if their age was ≥60 years, or between 50 and
60 years and at least two of the following medical criteria were present: history of hypertension, serum creatinine
>1.5 g/dl (132 µmol/l) or cerebrovascular accident (CVA)
as cause of death. Recipients were stratified by their donor
status (fig. 1). The study protocol was approved by the Institutional Review Board (IRB no. 170/11) and was carried
out according to the principles of the Declaration of Istanbul.
Demographic and clinical data of donors
Demographic and clinical data of all donors were collected
in an anonymised donor information form. The following
variables were extracted: age, sex, weight, history of hypertension, cause of death and serum creatinine.
Demographic and clinical data of recipients
All clinical, immunological and laboratory data of recipients were continuously collected in standardised flow
sheets and medical records. The following co-morbidities
were extracted: diabetes mellitus, coronary artery disease
(CAD), and peripheral artery disease (PAD). Graft function

Figure 1
Study flow.
ATG = anti-T-lymphocyte globulin; ECD = expanded-criteria donor;
HLA-DSA = donor-specific HLA-antibodies; SCD = standard-criteria
donor
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was assessed using estimated creatinine clearance (eCrCl)
in accordance with the formula by Cockcroft and Gault
[33].
Detection of HLA-antibodies and assignment of HLADSA
Pretransplant HLA-antibodies were detected and specified
by single HLA-antigen flow beads on a Luminex platform
(LabScreen single antigen, One Lambda Inc., Canoga Park,
CA, USA). Donor-specificity was determined by comparison of the HLA-antibody specificities of the recipient with
the HLA-typing of the donor (i.e., by virtual crossmatching). Evaluation of HLA-DSA by virtual cross-matching
was performed retrospectively from January 1999 to October 2004 and prospectively from November 2004 on as described previously [29, 30].
Diagnosis of rejection
Indication biopsies were performed when serum creatinine
rose by more than 20%. Biopsy specimens consisted of two
cores obtained by a 16-gauge needle. Histological findings
were graded in accordance with the updated Banff 2009
classification [34]. All reported rejection episodes were
biopsy-proven.
Definition of delayed graft function
Delayed graft function (DGF) was defined as the need for
haemodialysis during the first week post-transplant owing to inadequate allograft function. Patients who had only
one post-transplant haemodialysis session to correct hyperkalaemia or fluid overload were not considered to have
DGF [35].
Immunosuppressive regimens
Initially, all recipients received a triple therapy. Driven
by the intention to introduce newly approved immunosuppressants, the immunosuppressive regimens changed over
time. Importantly, there was no specific immunosuppression or protocol with respect to donor status, ischaemia
time or DGF during the observation period. Tac-based immunosuppressive protocols consisted of tacrolimus (Tac;
Prograf®, Astellas), mycophenolate-mofetil (MMF;
CellCept®, Roche) and prednisone (P) or Tac, azathioprine
(Imurek®, Pro Concepta Zug AG) and P, or of a steroid-free
regimen consisting of Tac, mycophenolate-sodium (MPS;
Myfortic®, Novartis), and sirolimus (Sir; Rapamune®, Pfizer, previously Wyeth) or everolimus (Ev; Certican®, Novartis). Non-Tac-based immunosuppression consisted of
ciclosporin A (Sandimmun Neoral®, Novartis), MMF and
P or of a calcineurin-inhibitor-free regimen with MMFSir-P. MMF and MPS, and Sir and Ev were regarded as
equivalent and summarised as mycophenolic acid (MPA)
and mTor-inhibitor, respectively. Induction therapy with
interleukin-2 (IL-2) receptor antagonists (daclizumab,
Zenapax®, Roche or basiliximab, Simulect®, Novartis) was
implemented in 2002 and was made standard practice in
2005. As Tac-based immunosuppression became standard
practice in 2005, 85% of patients in the Tac group received
IL-2 receptor antagonists, compared with 48% in the nonTac group.
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Endpoints
Primary endpoint of the study was graft survival. Secondary endpoints were graft function at one and three year
follow-up and cumulative rejection rate at one year. To
analyse graft survival, patients were censored for lost-offollow-up but not for death. For evaluation of graft function, eCrCl was defined as 5ml/min in patients with graft
failure prior to the respective follow-up time point, while
patients who died with functioning graft or were lost-offollow-up were excluded from the respective analysis.

Recipients’ characteristics
Recipients’ characteristics are shown in table 2. One hundred and eighty-four (69%) recipients were male. Median
age at transplantation was 57 years (range 20–75 years).
Recipients of ECD kidneys were significantly older (62 vs
51 years, p <0.001), and more likely to suffer from diabetes

Statistical analysis
The statistical analyses were performed using SPSS/PC
(IBM SPSS statistics 19). Discrete variables were expressed as counts (percentage), and comparison between
groups was done with Fisher’s exact test. Continuous variables were expressed as mean ± standard deviation (SD) if
normally distributed or as median and range if not normally
distributed, and t-test or Mann-Whitney test were used for
comparison between groups, respectively. One-year and
three year eCrCl was compared by Wilcoxon signed-rank
test. Graft survival and risk of rejection were analysed by
uni- and multi-variate Cox regression. To address the limitations of the data due to a decreasing number of patients
in long-term follow up and to ensure a high validity of
the analyses, graft survival was modelled with a follow-up
period of six years. The six year follow-up period was the
breakpoint when two thirds of all patients were censored or
had had an event. Cumulative survival analyses were calculated using Kaplan-Meier analysis. Differences between
curves in Kaplan-Meier graphs were evaluated by means of
log-rank statistics. A p-value of <0.05 was considered statistically significant, significance levels are two-tailed, and
confidence intervals (CI) are 95% CIs.

Results
Three hundred and eighty-eight patients received a
deceased-donor kidney transplant. Eighty-nine patients
with pretransplant HLA-DSA, six patients with unknown
HLA-DSA status, four patients with HLA-identical transplants and seventeen patients treated with anti-T-lymphocyte globulin (ATG; ATG-Fresenius, Fresenius Medical
Care) in the absence of HLA-DSA were excluded. Further,
four recipients were excluded because of missing clinical
data, and three recipients due to a non-classifiable donor
status, leaving 265 eligible patients (fig. 1). Median followup was 4.3 years (range 0.0–12.8 years). Five patients (2%)
were lost to follow-up and remained in the study for 0.6,
1.0, 1.0, 4.9 and 9.0 years after transplantation.
Donors’ characteristics
One hundred and twelve (42%) of 265 kidney transplants
were classified as ECD organs. Characteristics by donor
status are shown in table 1. ECDs were significantly older
than SCDs (median age 68 vs 39 years, p <0.001), had a
higher frequency of hypertension (59% vs 9%, p <0.001),
died more often from a CVA (75% vs 36%, p <0.001) and
had a significant lower eCrCl (median 75 vs 119 ml/min, p
<0.001).
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Figure 2
(a) Cumulative graft survival stratified by donor status. (b)
Cumulative graft survival stratified by donor status and
immunosuppression; p-values of difference between subgroups in
figure 2b: ECD/Tac versus ECD/no Tac p = 0.008 (log rank test);
SCD/Tac versus SCD/no Tac p = 0.1 (log rank test).
ECD = expanded-criteria donor; SCD = standard-criteria donor;
Tac = tacrolimus

Figure 3
Cumulative incidence of clinical rejection stratified by
immunosuppression and induction therapy.
IL-2 = interleukin-2 receptor antagonist; Tac = tacrolimus
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mellitus (33% vs 14%, p = 0.001) and vascular disease
(35% vs 23%, p = 0.04) than recipients of SCD kidneys.
Median cold ischaemia time of ECD kidneys was significantly longer compared with SCD kidneys (763 vs 585 min,
p <0.001).
Death uncensored graft survival
Of the 265 transplanted patients, 52 patients (20%) suffered
death or graft failure. Overall, one, three and five-year graft
survival rates were 94%, 87% and 79%, respectively. Overall, in multivariate Cox regression the ECD status was the
only significant risk factor for graft failure (hazard ratio
[HR] 2.31, CI 1.22-4.37; p = 0.01) (table 3). Subgroup analysis revealed an increased risk for graft failure with increasing recipients age in the uni- and multi-variate model
in the SCD group (HR 1.05 per year, CI 1.01–1.10; p = 0.01
univariate and HR 1.06 per year, CI 1.01–1.10; p = 0.02
multivariate). In ECD recipients the number of HLA mismatches was a risk factor (HR 1.39, CI 1.01–1.91; p = 0.04)
and immunosuppression with Tac protective (HR 0.39, CI
0.19‒0.80; p = 0.01) in the univariate model, whereas in the
multivariate analysis only immunosuppression with Tac indicated a trend for risk reduction (HR 0.46, CI 0.20–1.06;
p = 0.07). When grouping by donor status, one, three and
five-year survival rates were 96%, 90% and 87%, respectively, for SCD and 90%, 83% and 67%, respectively, for
ECD kidneys (p = 0.001) (fig. 2a). Figure 2b shows cumulative graft survival stratified by donor status and immunosuppressive regimen. There was no significant difference in one, three and five-year survival rates between ECD
recipients treated with Tac (95%, 88% and 72%, respectively), SCD recipients treated with Tac (95%, 89% and
83%, respectively) or without Tac (98%, 92% and 92%, re-

Figure 4
Renal function at one-year and three-year follow-up stratified by
donor status and type of immunosuppression. An eCrCl of 5ml/min
was assumed in patients who suffered from graft failure before the
defined follow-up time points (one year n = 10 and three years n =
18); p-values of differences between groups were calculated by
Mann-Whitney test; p-values of differences between one-year and
three-year follow-up were calculated by Wilcoxon signed-rank test,
considering only patients with values at one year and three year
follow-up (n = 198).
ECD = expanded-criteria donor; eCrCl = estimated creatinine
clearance in accordance with the formula by Cockcroft and Gault
[33]; SCD = standard-criteria donor; Tac = tacrolimus
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spectively) (p = 0.06). In contrast, one, three and five-year
survival rates in recipients of ECD kidneys treated without
Tac were significantly lower (73%, 65% and 50%, respectively; p <0.001).
Clinical rejection
Overall, the cumulative incidence of clinical rejection was
32% after one year. In multivariable Cox regression, higher
recipients age (HR 0.97, CI 0.95–0.99; p = 0.001), induction therapy with an IL-2 antagonist (HR 0.41, CI
0.25‒0.69; p = 0.001) and immunosuppression with Tac
(HR 0.60, CI 0.37-0.97; p = 0.04) were protective factors,
whereas ECD status (HR 1.09, CI 0.66‒1.82; p = 0.7) had
no effect on rejection-free graft survival (table 4). Figure 3
shows cumulative incidence of rejection stratified by immunosuppressive regimen and induction therapy with IL-2
receptor antagonists. Recipients treated with Tac-based immunosuppression and induction therapy had the lowest cumulative rejection rate (22%) compared with Tac-based
immunosuppression without induction therapy (43%) and
non-Tac-based immunosuppression with (30%) and
without induction therapy (65%) (p-value <0.001). Rejection rates did not differ between ECD and SCD recipients,
overall (27% and 35%) and stratified by immunosuppressive regimen (all p-values ≥0.2) (not shown in figure).
Graft function
Two hundred and fifty-eight and 198 patients were included for graft function analysis at one and three year
post-transplant, respectively. For the one-year follow-up,
seven patients ( six patients who died with functioning graft
and one patient who was lost to follow-up) and for the
three-year follow-up 67 patients (16 patients who died with
functioning graft, three who were lost to follow-up and 48
who had less than three years of follow-up) were excluded
from analysis. At one and three years after transplantation,
recipients of ECD kidneys had a significantly lower allograft function (median eCrCl 40 ml/min [range 5–93 ml/
min] and 37 ml/min [range 5–102 ml/min], respectively)
than recipients of SCD kidneys (62 ml/min [range 5–133
ml/min] and 58 ml/min [range 5–137 ml/min], respectively) (p-value <0.001) (not shown in figure). The difference in eCrCl between recipients of ECD and SCD kidneys
was consistent throughout the subgroups stratified by immunosuppressive regimen in both follow up periods (all pvalues <0.001) (fig. 4).
Recipients of ECD kidneys treated with Tac had a higher
median eCrCl than those treated without Tac at one year
(43 ml/min [range 5–93 ml/min] vs 32 ml/min [range 5–64
ml/min], p = 0.001) and at three years (41 ml/min [range
5–102 ml/min] vs 33 ml/min [range 5–53 ml/min], p =
0.004) after transplantation. In recipients of SCD kidneys
there was a significant difference between those treated
with Tac and those treated without Tac at one year (66 ml/
min [range 5–133 ml/min] vs 57 ml/min [range 18–113
ml/min], p = 0.005), whereas at three years the difference
was not significant (66 ml/min [range 5–137] vs 57 ml/
min [range 5–124 ml/min], p = 0.07) (see fig. 4). Regarding
the kidney function over time, recipients of ECD kidneys
treated without Tac had a significant decrease in eCrCl
from one to three years (median change –3.2 ml/min, p =
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0.005). In recipients of ECD kidneys treated with Tac (median change 0.0 ml/min, p = 0.4) and in recipients of SCD
kidneys treated with Tac (median change 0.3 ml/min, p =
0.6) or without Tac (median change –0.5 ml/min, p = 0.8)
graft function remained stable over time (see fig. 4).
When stratified by donor status and clinical rejection, ECD
recipients who suffered a rejection had a lower eCrCl at
one-year and at three-year follow-up (37 ml/min and 33
ml/min) compared with ECD recipients who did not suffer
a rejection (42 ml/min and 41 ml/min) (p = 0.06 and p =
0.03, respectively), whereas no such difference was detectable between SCD recipients with (60 ml/min and 59 ml/

min) and without rejection (64 ml/min and 58 ml/min) (p =
0.4 and p = 0.8, respectively) (not shown in figure).

Discussion
In our well-defined immunologically low-risk population,
the overall outcome of kidney grafts was favourable, which
is in line with recent observations showing that transplantations in absence of HLA-DSA result in good long-term
graft survival [28, 30, 32]. When stratified by donor status,
graft survival in recipients of ECD kidneys was still acceptable, but compared to SCD kidneys, one, three and
five year graft survival rates were 6%, 7% and 20% lower.

Table 1: Characteristics of donors.
p-value&

All

SCD

ECD

Number of donors

265

153 (58)

112 (42)

Male sex

143 (54)

84 (55)

59 (53)

0.8*

Age

52 [0‒86]

39 [0‒59]

68 [52‒86]

<0.001°

Age below 10 yearsa

28 (11)

28 (18)

0

<0.001*

Age over 60 years

106 (40)

0

106 (95)

<0.001*

Creatinine (µmol/l)
(n = 222/112/110)§,#

75 [27‒813]

71 [34‒813]

79 [27‒315]

0.3°

Creatinine over 132 µmol/l
(n = 222/112/110)§, #

30 (12)

18 (12)

12 (11)

0.8*

eCrCl (n = 213/109/104)§,#

88 [14‒308]

119 [14‒308]

75 [24‒212]

<0.001°

Hypertension§ (n = 235/136/99)

70 (30)

12 (9)

58 (59)

<0.001*

– CVA (ischaemia or haemorrhage)

139 (52)

55 (36)

84 (75)

<0.001*

– Trauma/accident

63 (24)

47 (31)

16 (14)

0.002*

– Drowning

5 (2)

5 (3)

0

0.08*

– Suicide

8 (3)

5 (3)

3 (3)

1.0*

– Other

50 (19)

41 (27)

9 (8)

<0.001*

Cause of death

Data are displayed as counts and (percent) or median and [range]. &p-value between SCD and ECD. °Mann-Whitney U-Test, *Fisher’s exact Test, §Due to missing data the
number is below the total numbers of donors, first number reflects all donors, second SCD donors, third ECD donors. #Due to different reference values, donors under
16 years (n = 21, 11%) were not included in analysis of serum creatinine and eCrCl. aIn the orginal publications donors younger than 10 years were not considered [4, 18].
SCD: standard-criteria donor; ECD: expanded-criteria donor; eCrCl: estimated creatinine clearance according to the formula by Cockcroft and Gault [33]; CVA:
cerebrovascular accident. To convert serum creatinine from µmol/l to mg/dl divide by 88.4.
Table 2: Characteristics of recipients by donor status.
p-value&

All

Recipients of SCD kidneys

Recipients of ECD kidneys

Number of patients

265

153 (58)

112 (42)

Male sex

184 (69)

106 (69)

78 (70)

1.0*

Age (n = 191)

57 [20-75]

51 [20-74]

62 [28-75]

<0.001°

Vascular disease

74 (28)

35 (23)

39 (35)

0.04*

– CAD

53 (20)

24 (16)

29 (26)

0.04*

– PAD

38 (14)

19 (12)

19 (17)

0.4*

Diabetes mellitus

59 (22)

22 (14)

37 (33)

0.001*

Transplant, n with 1st, 2nd, 3rda

238 (90), 22 (8), 5 (2)

136 (89), 14 (9), 3 (2)

102 (91), 8 (7), 2 (2)

0.9*

HLA mismatches mean (±SD)

4.2 (±1.2)

4.3 (±1.2)

4.1 (±1.2)

0.1°°

Cold ischaemia time (min)

660 [79-3540]

585 [79-2220]

763 [120-3540]

<0.001°

Induction therapy with IL-2-antagonists

196 (74)

114 (74)

82 (73)

0.9*

– CyA-MPA-P

54 (20)

35 (23)

19 (17)

0.3*

– Sir-MPA-P

25 (9)

18 (12)

7 (6)

0.1*

– Tac-Aza-P

37 (14)

20 (13)

17 (15)

0.7*

– Tac-MPA-mTor

51 (19)

35 (23)

16 (14)

0.09*

– Tac-MPA-P

97 (37)

45 (29)

52 (47)

0.007*

– other Tac-MPA containing regimen

1 (0)

0

1 (1)

0.4*

Immunosuppression including Tac

186 (70)

100 (65)

86 (77)

0.06*

Immunosuppressive therapy

Data are displayed as counts and (percent) or median and [range]. &p-value between SCD and ECD. °Mann-Whitney-U-Test, °°Students t-Test, *Fisher’s exact Test.
a
Transplant, n with 1st, 2nd, 3rd: number (percent) of patients with first, second and third transplants. SCD: standard-criteria donor; ECD: expanded-criteria donor. Vascular
disease: presence of CAD and/or PAD, CAD: coronary artery disease, PAD: peripheral artery disease. IL-2: interleukin-2 receptor; CyA: ciclosporin, MPA: mycophenolic
acid, P: prednisone, Tac: tacrolimus, Aza: azathioprine, mTor (mTor-Inhibitor,): sirolimus or everolimus, Sir: sirolimus.
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This finding is consistent with the vast majority of the
literature reporting inferior outcome of ECD kidneys [7].
However, while overall ECD status was the only significant
risk factor in multivariate analysis, risk factors for graft
survival were different according to the donor status. In the
SCD group, recipients’ age was a significant risk factor,
which reflects the fact that graft survival was not censored
for death. In the ECD group age was not a risk factor,
which might be explained by the uneven age distribution in
this group (75% of ECD recipients were more than 55 years
old) and by the poorer outcome of ECD organs in very
young recipients [36, 37]. The multivariate model showed
a trend for Tac as a protective factor for graft survival in
the ECD group. The beneficial effect on graft survival and
graft function of immunosuppression based on low-dose
Tac in combination with MPA or azathioprine was demonstrated in several studies [38–42]. Unfortunately, none of
them stratified outcomes by donor status. Our study shows
for the first time that recipients of ECD kidneys treated

with Tac had a better graft survival and graft function compared with those treated without Tac. In our population and
with a follow-up of 6 years, the beneficial effect of Tacbased immunosuppression resulted in ECD graft survival
rates similar to SCD kidneys. This might be explained by
a reduced rejection rate in combination with the fact that
ECD grafts are more susceptible to additional injuries and
therefore have a larger benefit from prevention by optimised immunosuppressive treatment [41, 43–45]. Recipients
of ECD kidneys treated with Tac preserved their graft function, while a significant decrease was shown in ECD kidneys treated without Tac. In keeping with the results of
the Symphony study, cumulative rejection rates in patients
treated with Tac were significantly lower, and recipients of
ECD kidneys without rejection had a better graft function
than those with rejection after three years post-transplant.
Beside the reduced rejection rate, recipients treated with
low-dose Tac-based immunosuppression might also benefit
from less calcineurin inhibitor nephrotoxicity, which is one

Table 3: Cox regression of graft survival.
Overall, n = 265
Univariate

SCD, n = 153
Multivariate

ECD, n = 112

Univariate

HR (CI)

pvalue

HR (CI)

pvalue

ECD

2.46
(1.41‒4.29)

0.001

2.31
(1.22‒4.37)

0.01

Male sex

0.95
(0.53‒1.69)

0.9

0.70
(0.38‒1.30)

Age

1.04
(1.01‒1.07)

0.005

Vascular disease

2.01
(1.15‒3.52)

Diabetes mellitus

Multivariate

Univariate

Multivariate

HR (CI)

pvalue

HR (CI)

pvalue

HR (CI)

pvalue

HR (CI)

pvalue

0.3

1.16
(0.45‒2.99)

0.8

1.03
(0.38‒2.80)

0.9

0.82
(0.39‒1.70)

0.6

0.57
(0.26‒1.26)

0.2

1.02
(0.99‒1.06)

0.1

1.05
(1.01‒1.10)

0.01

1.06
(1.01‒1.10)

0.02

1.00
(0.97‒1.04)

0.9

0.99
(0.95‒1.04)

0.7

0.02

1.59
(0.85‒2.97)

0.1

2.32
(0.96‒5.59)

0.06

1.41
(0.51‒3.90)

0.5

1.54
(0.75‒3.19)

0.2

1.30
(0.57‒2.94)

0.5

1.94
(1.09‒3.47)

0.03

1.46
(0.77‒2.76)

0.2

1.90
(0.70‒5.18)

0.2

1.32
(0.44‒3.92)

0.6

1.43
(0.70‒2.95)

0.3

1.74
(0.76‒3.96)

0.2

Number of HLA mismatches

1.26
(0.98‒1.61)

0.07

1.29
(0.99‒1.68)

0.06

1.19
(0.80‒1.77)

0.4

1.33
(0.83‒2.11)

0.2

1.39
(1.01‒1.91)

0.04

1.26
(0.89‒1.77)

0.2

Cold ischaemia time (hours)

1.02
(0.98‒1.05)

0.3

0.99
(0.96‒1.03)

0.7

0.97
(0.89‒1.05)

0.4

0.94
(0.87‒1.03)

0.2

1.01
(0.97‒1.05)

0.7

1.01
(0.97‒1.04)

0.8

Induction therapy
IL-2-antagonists

0.75
(0.42‒1.32)

0.3

0.85
(0.43‒1.70)

0.6

1.22
(0.47‒3.20)

0.7

0.94
(0.31‒2.85)

0.9

0.56
(0.27‒1.14)

0.1

1.12
(0.43‒2.88)

0.8

IS based on Tac

0.92
(0.52‒1.63)

0.8

0.84
(0.45‒1.56)

0.6

2.07
(0.78‒5.46)

0.1

1.74
(0.61‒4.97)

0.3

0.39
(0.19‒0.80)

0.01

0.46
(0.20‒1.06)

0.07

Delayed graft function

0.85
(0.44‒1.65)

0.6

0.73
(0.35‒1.51)

0.4

0.96
(0.32‒2.86)

0.9

1.16
(0.37‒3.59)

0.8

0.65
(0.28‒1.51)

0.3

0.59
(0.23‒1.56)

0.3

Clinical rejection in 1st year

1.06
(0.60‒1.89)

0.8

1.07
(0.55‒2.06)

0.9

0.65
(0.25‒1.69)

0.4

0.68
(0.21‒2.19)

0.5

1.83
(0.89‒3.77)

0.1

1.40
(0.61‒3.20)

0.4

Cox regression was modelled with a follow‒up period of 6 years. N of events until 6 year follow‒up: Overall n = 52, SCD n = 21, ECD n = 31. SCD: standard-criteria donor;
ECD: expanded-criteria donor; IL‒2: interleukin‒2 receptor; IS: immunosuppression; Tac: tacrolimus.
Table 4: Cox regression of clinical rejection.
Overall, n = 265

Univariate

Multivariate

HR (CI)

p-value

HR (CI)

p-value

ECD

0.72 (0.46–1.13)

0.2

1.09 (0.66–1.82)

0.7

Male sex

1.51 (0.90–2.52)

0.1

1.31 (0.78–2.22)

0.3

Recipients age in years

0.97 (0.95–0.99)

<0.001

0.97 (0.95–0.99)

0.001

Vascular disease

1.06 (0.66–1.71)

0.8

1.55 (0.90–2.67)

0.1

Diabetes mellitus

0.86 (0.50–1.48)

0.6

0.95 (0.53–1.73)

0.9

Number of HLA mismatches

1.35 (1.10–1.66)

0.004

1.22 (0.99–1.50)

0.06

Cold ischaemia time (hours)

0.98 (0.95–1.01)

0.3

0.98 (0.95–1.01)

0.2

Induction therapy IL-2-antagonists

0.32 (0.21–0.49)

<0.001

0.41 (0.25–0.69)

0.001

Immunosuppression based on Tac

0.43 (0.28–0.67)

<0.001

0.60 (0.37–0.97)

0.04

Delayed graft function

0.78 (0.46–1.31)

0.3

1.02 (0.58–1.80)

0.9

ECD: expanded-criteria donor; IL-2: interleukin-2 receptor; Tac: tacrolimus.
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of the most important nonimmunological causes of chronic allograft nephropathy [46]. As emphasised by Chapman,
Tac in low doses is associated with a reduced chronic nephrotoxicity compared to ciclosporin [47]. Even compared
with a calcineurin inhibitor-free immunosuppression with
Sir, a low-dose Tac regimen was not associated with an increase in nephrotoxicity [48, 49] while concurrently revealing an equal or even better graft function [43, 48].
Interestingly, in our study population there was a difference
in cold ischaemia time (CIT) between ECD and SCD,
which disappeared with the introduction of the new Swiss
transplant law in July 2007 (data not shown). The longer
CIT in ECD kidneys prior to this date can probably be explained by the fact that organ allocation was less strictly
coordinated nationally, leaving more autonomy to regional
transplantation centres, and that decision processes and allocation took longer for ECD than for SCD organs in this
setting. However, there was no significant difference in
CIT between treatment groups in either SCD or ECD recipients (p = 0.1 and p = 0.4, respectively), and CIT was not
identified as a risk factor for graft survival in multivariable
Cox regression, which is consistent with data from a large
registry based study [50].
Interestingly, the donor status was not a risk factor for rejection, and recipients of ECD kidneys did not suffer from
more rejection compared with SCD. Recently, Diet et al.
studied the recipient’s immunological risk and its potential
effects on the outcome of kidney transplants from ECD and
observed similar rejection rates in recipients of ECD and
SCD kidneys after adjustment for the immunological risk
[13]. Our findings underline the fact that the risk of rejection depends on the immunological risk, recipient’s age and
immunosuppressive regimen rather than the donor status
[17, 22–24, 31, 51–54]. Recipients of ECD kidneys should
therefore be treated with an optimised immunosuppressive
regimen, and allocation of ECD kidneys to young recipients should be avoided.
In our study, the pretransplant baseline eCrCl of ECD kidneys was 37% lower than that of SCD kidneys, and rejection had a significant negative impact on graft function in
recipients of ECD kidneys. Therefore, we think that, particularly in kidneys with assumed reduced nephron mass
such as ECD kidneys, the immunological risk should be
kept as low as possible by accurate pretransplant risk assessment and risk-adjusted immunosuppression during the
post-transplant period to avoid further damage.
Our study has some limitations. First, the sample size is
modest and there is a risk of missing effects of smaller size.
Given the higher pretransplant functional reserve of SCD
compared with ECD kidneys, we expected a smaller impact
of injuries on the outcome. This may partly explain why
we missed an effect of the immunosuppressive regimen and
rejection episodes on the outcome in our SCD population
in contrast to the large population of the Symphony study
[41]. Second, since our study is retrospective in nature
we cannot properly establish relationships between cause
and effect. Beside immunosuppression, influences of other
factors in the management of renal transplant recipients
such as blood pressure control or the use of statins cannot
be excluded. Third, since the majority of the recipients with
Tac-based immunosuppression received induction therapy
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with IL-2 receptor antagonists, we cannot properly separate
the effect of each on graft survival in spite of a negative
finding in the Cox regression model. Finally, since we
have not analysed the histological findings of reperfusion
biopsies we cannot evaluate their prognostic impact on
graft outcome.
In summary, graft survival of ECD kidneys in patients
without pretransplant HLA-DSA is excellent when treated
with Tac-based immunosuppression and comparable to
SCD kidneys during the first six years. Tac-based immunosuppression improves and preserves graft function of
ECD kidneys in the mid-term. We conclude that kidney
transplants with reduced baseline nephron mass, such as
ECD kidneys, which are highly vulnerable to additional
hits, should be allocated to patients with low immunological risk and preferably treated with Tac-based immunosuppression in order to achieve optimal graft survival and
function.
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Figures (large format)

Figure 1
Study flow.
ATG = anti-T-lymphocyte globulin; ECD = expanded-criteria donor; HLA-DSA = donor-specific HLA-antibodies; SCD = standard-criteria donor
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Figure 2
(a) Cumulative graft survival stratified by donor status. (b) Cumulative graft survival stratified by donor status and immunosuppression; p-values
of difference between subgroups in figure 2b: ECD/Tac versus ECD/no Tac p = 0.008 (log rank test); SCD/Tac versus SCD/no Tac p = 0.1 (log
rank test).
ECD = expanded-criteria donor; SCD = standard-criteria donor; Tac = tacrolimus
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Figure 3
Cumulative incidence of clinical rejection stratified by immunosuppression and induction therapy.
IL-2 = interleukin-2 receptor antagonist; Tac = tacrolimus

Figure 4
Renal function at one-year and three-year follow-up stratified by donor status and type of immunosuppression. An eCrCl of 5ml/min was
assumed in patients who suffered from graft failure before the defined follow-up time points (one year n = 10 and three years n = 18); p-values
of differences between groups were calculated by Mann-Whitney test; p-values of differences between one-year and three-year follow-up were
calculated by Wilcoxon signed-rank test, considering only patients with values at one year and three year follow-up (n = 198).
ECD = expanded-criteria donor; eCrCl = estimated creatinine clearance in accordance with the formula by Cockcroft and Gault [33]; SCD =
standard-criteria donor; Tac = tacrolimus
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