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ABSTRACT
Background: Nowadays, it is more frequent the use of kidneys
from older donors in the renal transplantation. Moreover, it is
also increasing the age of the recipients due to the ageing of
the population treated with hemodialysis. This makes that re-
cipients become older more commonly. This situation raises
specific problems in the renal graft and in the recipient as well.
In this manuscript we present the results of a multicenter
study that analyzed an immunosuppressive strategy specifically
designed to elderly renal transplant donor-recipients.
Methods: Patients ≥ 50 years were transplanted from donors ≥
55 years. Immunosuppressive strategy consisted of daclizumab
(2 doses of 1 mg/kg) in combination with steroids, mycophe-
nolate mofetil (2 g/daily during the first 45 days and then ad-
justed according to local practice) and Tacrolimus. Tacrolimus
was introduced between 5 and 7 day post-transplantation, ad-
justing the predose levels between 4-8 ng/mL. Mean follow-up
was 12 months.
Results: A total of 133 patients were included in the study.
Mean age of recipients and donors was 61.3 ± 6.2 years and
64.4 ± 5.3, respectively. 42.9% of patients needed dialysis du-
ring the first week (median 4 days). Between first month and
first year, serum creatinine improved from 2.0 ± 1.0 mg/dl to
1.5 ± 0.4 mg/dl. Similar improvements were observed when
creatinine clearance (Cockroft-Gault) was calculated. The sur-
vival of patient and renal graft at 12 months was 97.7% and
96.1%, respectively. The acute rejection rate was 13.5%. Se-
curity profile was good, as expected.
Conclusions: The Daclizumab and mycophenolate mofetil regi-
men with a late introduction of Tacrolimus at low doses is a
good alternative in the elderly renal transplant recipients with
a low immunologic risk. 

Key words: Renal transplantation. Daclizumab. Tacrolimus. My-
cophenolate mofetil. Older donor. Older recipient.

RESUMEN
Antecedentes: En la actualidad, es cada vez más común el
uso de riñones procedentes de donantes añosos en el tras-
plante renal. También se incrementa la edad de los pacien-
tes incluidos en las listas de espera, debido al envejecimien-
to progresivo de los pacientes sometidos a diálisis, por lo
que con una frecuencia creciente, donante y receptor son
ambos de edad avanzada. Esta situación plantea problemas
específicos tanto en el órgano como en el receptor. Presen-
tamos los resultados de un estudio multicéntrico que evalúa
una pauta de inmunosupresión específicamente diseñada
para la pareja donante-receptor añoso.
Métodos: Pacientes con edad ≥ 50 años fueron trasplantados
con injertos de donantes ≥ de 55 años. El tratamiento inmu-
nosupresor consistió en daclizumab (dos dosis de 1 mg/kg)
en combinación con esteroides, Micofenolato Mofetil (2
g/día hasta el día 45, ajustándose después según la práctica
de cada centro) y Tacrolimus. El Tacrolimus se introdujo entre
el 5º y el 7º día posttrasplante, ajustado a niveles de predosis
a 4-8 ng/mL. Se realizó un seguimiento de 12 meses.
Resultados: Se incluyeron 133 pacientes. La media de edad
de los receptores fue de 61,3 ± 6,2 años y la de los donantes
de 64,4 ± 5,3. El 42,9% de los pacientes requirieron diálisis
en la primera semana con una mediana de duración de 4
días. Entre el primer mes y el primer año la creatinina mejo-
ró desde 2,0 ± 1,0 mg/dl hasta 1,5 ± 0,4 mg/dl respectiva-
mente. Los aclaramientos de creatinina calculados (Coc-
kroft-Gault) evolucionaron en paralelo. La supervivencia del
paciente y el injerto a los 12 meses fue del 97,7% y 96,1%
respectivamente. La tasa de rechazo agudo fue del 13,5%.
El perfil de seguridad fue bueno y se ajustó al esperado.
Conclusiones: La pauta Daclizumab y Micofenolato Mofetil
con introducción tardía de Tacrolimus a dosis bajas es una
buena opción terapéutica para receptores añosos de bajo
riesgo inmunológico.

Palabras clave: Trasplante renal. Daclizumab. Tacrolimus. Micofeno-
lato Mofetil. Donante añoso. Receptor añoso.

INTRODUCTION
Kidney transplant (KT) is the treatment of choice for patients

with end-stage chronic renal failure because it improves sur-

vival and quality of life in both young and older patients.1,2
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The proportion of patients aged > 50 years in waiting lists

for kidney transplant has gradually increased due to both

aging of the population on dialysis and the results obtained

with transplant in elderly recipients, with patient survival of

80%-90% and 70% and organ survival of 80% and 55%-60%

at 1 and 5 years respectively.3 The increase in organ demand,

combined with a stagnant number of patients and an increase

in the mean age of donors, has led to a growing acceptance of

organs from elderly donors.4

Reluctance to use kidneys from elderly donors were based

on age-related structural and functional changes that make

them more susceptible to ischemia-reperfusion damage, re-

sulting in a greater proneness to delayed graft function and

acute interstitial rejection.3 Moreover, once the acute rejection

episode has occurred, the capacity to develop a reparative res-

ponse to lesions is decreased. 

In addition, the lower metabolic demand characterizing

elderly recipients allows for the decreased mass of kidneys

from elderly donors to be sufficient to meet their needs,

while their decreased immunological response reduces the

risk of acute rejection.5,6 Because of this, kidneys from el-

derly donors tend to be used in elderly recipients. A better

survival has also been attributed to elderly kidneys when

implanted into older recipients, though this finding has not

been confirmed.7

Calcineurin inhibitors (CNIs) currently used as the basis

of immunosuppressant therapy at full doses and from treat-

ment start may worsen the incidence and duration of dela-

yed renal function and increase the risk of acute nephrotoxi-

city.8 Regimens with low doses of these drugs or even

without them are therefore being under continued research,9-

11 and have shown acceptable acute rejection rates and a

good preservation of kidney function. Such regimens with

no CNIs or CNIs at reduced doses mainly rely on use of in-

duction with antibodies12,13 and/or use of full doses of MMF14

and/or sirolimus.15

While a great interest exists in establishing which is the

most adequate immunosuppression for KTs from elderly do-

nors to recipients, little information is currently available.

This article reports the final results of a prospective, multi-

center, open label, uncontrolled study conducted in 13 Spa-

nish centers to assess whether use of anti-IL-2R antibodies

combined with MMF could provide adequate protection to

delay CNI start and reduce their dose levels as an immuno-

suppression regimen specifically proposed for the elderly

donor-elderly recipient pair. This study supports the pre-

viously published preliminary analyses.16,17

MATERIALS AND METHODS
The purpose of the study was to assess the efficacy of immu-

nosuppressive treatment both in terms of kidney function and

acute rejection rate. The safety profile of treatment was also

assessed.

Enrolled patients should have ≥ 50 years of age and be re-

cipients of a single organ (kidney) from a donor aged ≥ 55

years. Recipients from living donors or organs with a cold is-

chemia time > 30 hours, and patients with a RAP > 25% wit-

hin 6 months of entry were excluded. Patients with leukocyte

counts < 2.5 x 109/L, platelet counts < 100 x109/L, or hemo-

globin values < 6 g/dL were also excluded. Patients who got

over the first early postoperative days were finally enrolled.

Nine scheduled visits were performed in a 12-month follow-

up period.

Pre-transplant assessment included donor and recipient de-

mographic data, patient clinical history, histocompatibility,

cold ischemia, complete laboratory tests, and vital signs. The

same clinical and laboratory parameters were monitored at

the nine visits after transplant. Adverse effects, immunosup-

pression and dose used, tacrolimus trough levels, and MPA le-

vels (if their measurement was a standard practice at the cen-

ter) were also recorded. Kidney function was estimated based

on serum creatinine and creatinine clearance (Cockcroft-

Gault). If no medical contraindications existed, all acute re-

jection episodes had to be confirmed by biopsy, and treatment

was administered according to the standard practice at each

center.

Delayed kidney function was defined as the need for dialy-

sis within one week of transplant.

The immunosuppressive treatment of the study consisted

of daclizumab combined with MMF, tacrolimus, and steroids.

Patients were given two doses of daclizumab 1.0 mg/kg (ma-

ximum 100 mg). The first dose was administered within 6

hours of the start of transplant surgery (study day 0), and the

second dose on day 14. The MMF dose was 2 g daily by the

oral route (1 g every 12 hours) up to day 45 of the study, after

which it was adjusted based on the clinical judgment of each

center. The initial dose of tacrolimus was 0.1 mg/kg/day, and

was administered between days 5 and 7 after transplant in the

event of stabilization of kidney function (creatinine levels

under 3.0 mg/dL or creatinine clearance > 10 mL/min), and

never later than 7 days after the transplant. Dosage was adjus-

ted to achieve target trough levels ranging from ≥ 4 and ≤ 8

ng/mL. Tacrolimus was administered twice daily. As regards

steroids, methylprednisolone 250 mg was administered at the

time of surgery, and its dose was tapered as follows: day 1:

125 mg IV/24 hours; days 2-14: 20 mg/24 hours; days 15-30:

15 mg/24 hours; days 31-90: 5-10 mg; and days 91-360: ac-

cording to the practice at each center. Prophylactic treatment

against cytomegalovirus and Pneumocystis carinii using the

regimen established at each center was recommended.

Statistical analysis
SPSS version 11.0 software was used for descriptive and infe-

rential data analyses. An intention-to-treat analysis was per-

formed. 

The main endpoint (rate of acute rejection episodes) was

analyzed using absolute and relative frequencies. Mean rejec-

tion-free time was calculated using the Kaplan-Meier model.

All other variables were described using absolute and relative

frequencies for qualitative parameters and mean, standard de-

viation, median, and interquartile range for quantitative para-

meters.

For statistical tests between different variables studied at

two different times (at baseline and one year after transplant),

a two-sided Student’s t test for related samples was used. A

value of p < 0.05 was considered statistically significant.
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RESULTS
A total of 133 patients were enrolled into the study. Sixty-four

percent of donors and 60% of recipients were males. Mean

age of recipients and donors was 61.3 ± 6.2 years and 64.4 ±

5.3 years respectively. The cause of death of donors was vas-

cular in 88% of cases. High blood pressure (HBP) and diabe-

tes were found in 35.3% and 11.3% of donors respectively,

while the corresponding proportions in recipients were 61.7%

and 6.1%.

Mean creatinine before patient death was 1.1 ± 0.5 mg/dL.

Mean cold ischemia time was 18.2 ± 5.7 hours. Twelve reci-

pients had ischemic or peripheral heart disease or had under-

gone revascularization procedures, and 22 patients had other

clinical heart diseases. Eight patients had a history of cancer.

No donor was positive for the hepatitis B and C viruses. A

single recipient was positive for the hepatitis B virus (0.8%),

and 9 recipients were positive for the hepatitis C virus (6.7%).

Ninety-one percent of recipients had a positive serology for

cytomegalovirus, and 9% of grafts were from donors with po-

sitive serology to recipients negative for cytomegalovirus.

Among the 133 patients enrolled, 123 completed the year

of follow-up scheduled in the study. Four deaths (1 due to

pyelonephritis, 2 sudden deaths, and 1 from an unknown

cause), 2 graft losses (1 from primary renal failure and 1 from

acute rejection), and 4 dropouts for other reasons occurred

during follow-up. 

Twelve-month survival was 97.7% for patients, 96.1% for

grafts, and 98.5% in the case of graft survival censored for

death.

Compliance with the immunosuppression protocol was

very high in the case of daclizumab. Patients received two ad-

ministrations, with a mean interval of 14.0 ± 0.9 days. Both

the pre-transplant and the second doses were of 1.0 ± 0.1

mg/kg.

For MMF, the mean dose on day 7 was virtually 2 g/day

(1.96 ± 0.18 g/day), but dose was reduced in many cases, so

that at the end of the first study month only 53 patients (of the

130 patients who continued in the study at that time) conti-

nued to receive 2 g daily of MMF, while the mean dose in the

overall population was 1.5 g/day. Dose reduction continued

over the rest of the year, so that 12 months after the transplant

no patient received 2 g/day, 14 patients were given a dose hig-

her than 1 g/day, 65 patients 1 g/day, and lower doses were

administered to all other patients. MPA levels were available

in 71 patients. Mean levels were 4.3 ± 2.9 µg/mL on post-

transplant day 7 and 3.6 ± 2.0 at one month, and mean levels

ranging from 2.87 ± 1.6 (month 2) and 2.63 ± 1.7 (month 12)

were found for the rest of the year. 

A good compliance was found as regards time of start of ta-

crolimus, with a time to administration of the first dose of 5.5

± 1.4 days. The initial dose was 6.3 ± 2.4 mg. At the time ta-

crolimus was started, mean serum creatinine levels were 5.3 ±

2.9 mg/dL, and creatinine clearance 19.9 ± 13.3 mL/min. A

poorer compliance was seen with regard to maintenance of

target levels during the study. There was a trend throughout

the study to exceed the established range of trough levels, but

with a tendency to range adjustment towards the end of the

year (fig. 1). One month after transplant, 56 patients (44%)

maintained ranges within the study objectives, but this num-

ber increased up to 78 patients at 12 months (66%). Tacroli-

mus was not discontinued in any case.

At the end of first year, 93.9% of patients were taking ste-

roids at a mean dose of 5.1 ± 1.2 mg/day.

Fifty-seven patients required dialysis during the first week

(42.86%). Median functional delay time was 4 days, and only

7 patients required hemodialysis for longer than two weeks

(fig. 2).

Creatinine levels improved to 2.0 ± 1.0 mg/dL at month 1

and 1.7 ± 0.6 mg/dL at month 2. No functional impairment

was seen during the first year, and there was even a slight im-

provement to 1.57 ± 0.4 mg/dL at the end of the year (fig. 3).

Creatinine clearance, estimated using the Cockcroft-Gault

formula, followed a parallel course: 42.8 ± 15.0 and 46.5 ±

14.5 mL/min at 1 and 2 months, with an increase to 52.6 ±

16.4 mL/min at the end of the year.

Nineteen acute rejection episodes occurred in 18 patients

(13.5%). Fourteen of these episodes were confirmed by

biopsy (9.8% of all patients). According to Banff-97 classi-

fication, rejection severity was borderline in 1 patient, grade

1A in 5, grade 1B in 5, and grade 2A in 3 patients. Complete

and partial treatment responses were seen in 3 and 2 respec-

tively of the 5 clinically diagnosed cases (in which no

biopsy was performed due to technical problems). Antibo-

dies (thymoglobulin) were only used in one patient. The re-

jection-free (confirmed by biopsy) survival curve was 90%

at 12 months.
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Figure 1. Graph of tacrolimus levels by visit.
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No significant changes occurred in glucose levels during

the study year. Mean glucose levels were 111.6 ± 56.2 mg/dL

at baseline and 106.1 ± 40.6 mg/dL after the year of follow-

up. Variables related to lipid profile showed a slight impair-

ment in total cholesterol values from baseline to one year

after treatment (182.9 ± 55.6 vs 199.9 ± 41.3 mg/dL, p <

0.01). Increases were also seen in LDL cholesterol (109.3 ±

44.0 vs 120.1 ± 37.9 mg/dL, p = NS) and HDL cholesterol le-

vels (47.0 ± 16.3 mg/dL vs 57.7 ± 17.7, p < 0.001). There was

a non-significant reduction in triglyceride levels (145.7 ±

81.6 vs 132.0 ± 62.4 mg/dL). Hemoglobin values increased

from baseline to one year after transplant (12.5 ± 2.4 vs 13.7 ±

2.9 mg/dL, p < 0.05), as did leukocyte count (7.1 ± 1.9-7.7 ±

2.6 x 103/mm3, p < 0,05). 

Adverse events occurring in > 5% of patients included

diarrhea (7.1%), anemia (6.5%), edema (4.8%), and leukope-

nia (4.5%). Event severity was mild in 54% of cases, modera-

te in 35.5%, and severe in 8.1%, while the event was life-thre-

atening in 1.7% of cases. No severity data were available for

0.7% of cases. 

Some infection occurred in 79.7% of patients, with a mean

of 3 ± 2.3 infections per patient. Urinary tract infections

(49.2%) and respiratory infections (17.1%) were most com-

mon. Among infections, 58.6% were bacterial in origin, 14%

viral (of which approximately a half were caused by cytome-

galovirus), and 3.1% fungal. No information was available

about the origin of 24% of infections. Fourteen patients expe-

rienced a total of 23 severe infections.

No cases of cancer were reported. Fifteen patients (12%)

developed diabetes de novo after the transplant, and another 8

patients (7.2%) showed at any time altered glucose levels.

DISCUSSION
The increased mean age of both donors and recipients of kid-

ney transplants has required the development of specific ap-

proaches.18 Attempts have therefore been made to find new

approaches in immunosuppressive therapy having an adequa-

te intensity to prevent acute rejection episodes associated to

delayed kidney function (characteristics in older kidneys), but

avoiding the risk of overimmunosuppression and nephrotoxi-

city, which is increased in these patients.

The Eurotransplant Senior Programme developed a sche-

me for allocating organs from donors aged > 65 years to re-

cipients aged > 65 years. The 5-year results of this scheme

support its success19,20 by showing a 43% increase in the

availability of elderly donors and a reduction in waiting

times for elderly recipients, with graft survival rates at 3

years of transplant as good as for HLA-matched transplants

(64% vs 67%).

However, the type of immunosuppression plays an essen-

tial role in the success of transplants of grafts from elderly do-

nors into elderly recipients. Use of anti-CD25 has been shown

to be highly effective for reducing acute rejection, improving

graft survival without impairing the safety profile.13 In parti-

cular, daclizumab has been shown to be able to allow for use

of regimens with reduced CNI or corticosteroid dosages21

after the initial attempt by Vincenti et al to administer it for

allowing use of a CNI-free regimen.22 In our study, a two-dose

regimen was used because of the long half-life of the drug

(approximately 20 days). Vincenti et al23 found that two dacli-

zumab doses maintained drug levels higher than 1 µg/mL

until day 59 after transplant. In a study in pancreas-kidney

transplant, use of two daclizumab doses was seen to be asso-

ciated to the lowest acute rejection rates, the highest rejec-

tion-free survival rate, and the lowest graft loss.24

As regards combination of daclizumab with low doses of

tacrolimus, Kuypers et al,25 using a very similar regimen to

the one used in our study, found similar results in terms of

acute rejection, renal function, and patient and graft survival.

However, as these authors did not apply any restriction on

transplant donor and/or recipient age, their data about fre-

quency of patients with delayed kidney function were diffe-

rent from those found in our study. Our results in terms of
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Figure 3. Kidney
function over time.
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kidney function delay are much more in agreement with those

reported by Pallet et al26 in a retrospective study conducted in

patients who received kidneys based on expanded donation

criteria27 and were treated with immunosuppression consis-

ting of antibodies (ATG or basiliximab), high MMF doses (3

g/day), Csa, and steroids. 

As is known, reduction in CNI doses is an objective in the

general population of transplant patients and particularly in

elderly subjects, in whom, as established by Land et al,28 use

of CNIs should be avoided because they induce oxidative

stress, while use of inhibitors of inosine monophosphate

dehydrogenase such as MMF, that decrease oxidative stress,

should be promoted. In addition, long-term use of CNIs im-

pairs some cardiovascular risk factors such as HBP, diabetes,

or hyperlipidemia, and increases the risk of tumor develop-

ment (particularly lymphoma and skin cancer).29,30

In the general population, early randomized studies aimed

at CNI reduction and/or discontinuation, relying on use of

MMF, demonstrated the benefits of Csa reduction/disconti-

nuation on patient kidney function.31,32 The five-year results of

the study proposing Csa discontinuation in patients with triple

Csa+MMF+steroid therapy33 showed how definitive withdra-

wal of the CNI was associated to higher acute rejection rates

and slightly lower survival figures, though kidney function

was better in the group not receiving CNI.

Land et al recently reported the results of a study in 89 el-

derly recipients of kidneys from elderly donors in whom a

CNI-free regimen was used.34 A higher rejection rate was

found as compared to our study, but very good results were

reported in terms of both kidney function and patient and

graft survival. It appears obvious that the benefits of use of re-

duced CNI doses supported by use of antibodies and MMF

are superior to total CNI withdrawal, and new regimens are

therefore based on quadruple therapy using reduced doses of

CNIs: antibodies + MMF + low CNI doses + steroids, or in

addition of sirolimus as a new potentially non-nephrotoxic

immunosuppressive agent.

In the search for regimens with a reduced nephrotoxicity,

an increasing number of studies have been published in which

sirolimus is added to the regimen, in all cases combined with

MMF and steroids.35,36 Data relating to use of sirolimus in re-

cipients of organs from marginal donors have been reported

in two small studies.37,38 The fact that sirolimus has been little

investigated in elderly patients could be related to the fear of

its impact on recovery from ischemia-reperfusion damage, es-

tablished in animal models and confirmed in small clinical

studies.39 Virtually all studies using sirolimus and MMF con-

cluded that better results are obtained in terms of kidney func-

tion, with acceptable acute rejection rates and a similar or bet-

ter safety profile, though the recently reported data from the

Symphony study40 showed results that significantly qualify

the conclusions of prior studies. 

Based on the data discussed and in our study result, it appe-

ars that our selected immunosuppressive regimen, consisting

of two 1 mg/kg doses of daclizumab combined with MMF 2

g/day and steroids, late onset of tacrolimus (days 5-7), and

maintenance of low levels during follow-up (trough levels of

4-8 ng/mL) represents a good option for immunosuppression

in the elderly donor-elderly recipient pair, despite the difficult

for maintaining full doses of MMF (2 g/day) and low doses of

tacrolimus (with an existing trend to lower the MMF dose and

increase CNI levels, possibly out of conservatism). This par-

tial success in treatment compliance —the objective of low

tacrolimus levels was only maintained over time in a fraction

of the group— is a limitation shared by other minimization

studies, such as Symphony. On the other hand, it should be

agreed that our study has clear methodological limitations,

particularly its uncontrolled, open nature, that prevented an

adequate comparative assessment versus immediate start of

CNIs. Moreover, the form of recruitment may have excluded

cases of intraoperative thrombosis, which are not exceptional

in this type of donor-recipient pairs. Despite these limitations,

however, our study achieved good mean survival and kidney

function results considering the characteristics of donors (ad-

vanced mean age, death from predominantly cardiovascular

causes, and a high frequency of HBP and diabetes) and reci-

pients (elderly subjects also, representing a higher risk popu-

lation as compared to the general transplant patient popula-

tion), but it should not be forgotten that relatively low rates of

diabetes and vascular nephropathy could suggest a positive

selection among dialysis patients of this age group. While a

high incidence of delayed graft function was found, it should

be noted that the delay tended to be short in duration, with a

median delay of 4 days, thus minimizing its negative impact

on patient management. Finally, safety data were as expected.

Particular mention should be made of the low incidence of

adverse effects traditionally related to the tacrolimus + MMF

combination: de novo diabetes after transplant in 12% of pa-

tients, diarrhea in 7.1%, anemia in 6.5%, and CMV infection

in 7.5% or patients.

ABBREVIATIONS
CNI: Calcineurin inhibitor. Csa: Cyclosporin. HBP: High

blood pressure. KT: Kidney transplant. MMF: Mycophenola-

te mofetil. RAP: Reactive antibody panel.
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