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Abstract

Background

Population aging is a major health concern in Asian countries and it has affected the age
distribution of patients with end-stage renal disease (ESRD). As a consequence, the need
for kidney transplantation in the geriatric population has increased, but the shortage of
donors is an obstacle for geriatric renal transplantation. The aim of this study was to evalu-
ate risk factors for graft failure and death in geriatric renal transplantation.

Methods

Kidney transplantations performed in a tertiary hospital in South Korea from May 1995 to
December 2014 were retrospectively reviewed. Recipients younger than 60 years of age or
who underwent other organ transplantations were excluded. The Kaplan-Meier method was
used to assess patient and graft survival. A Cox regression analysis was used to evaluate
risk factors for graft failure and patient death.

Results

A total of 229 kidney transplantation patients were included. Graft survival at 1, 5, and 10
years were 93.2%, 82.9%, and 61.2% respectively. Patient survival at 1, 5, and 10 years
were 94.6%, 86.9%, and 68.8%, respectively. According to the Cox multivariate analysis,
ABO incompatibility (hazard ratio [HR] 3.91, p < 0.002), DGF (HR 3.544, p < 0.004), CMV
infection (HR 2.244, p <0.011), and HBV infection (HR 6.349, p < 0.015) were independent
risk factors for graft survival. Recipient age (HR 1.128, p < 0.024), ABO incompatibility (HR
3.014, p <0.025), CMV infection (HR 2.532, p < 0.010), and the number of HLA mismatches
(HR 1.425, p < 0.007) were independent risk factors for patient death.

Conclusion

Kidney transplantation in the geriatric population showed good clinical outcomes. ABO
incompatibility, DGF, CMV infection, and HBV infection were risk factors for graft failure and
the recipient age, ABO incompatibility, CMV infection, and the number of HLA mismatches
were risk factors for patient death in geriatric renal transplantation.
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Introduction

Kidney transplantation (KT) is known to have several benefits compared to other renal
replacement therapies, such as hemodialysis (HD) or peritoneal dialysis (PD). KT increases life
expectancy of patients with chronic kidney disease who require renal replacement therapy
[1,2], and it brings quality of life improvement even if the recipients are elderly [3,4].

Aging has progressed rapidly in Asian countries [5], and it took less than 30 years for many
Asian countries to shift from an aging society to an aged society[6]. This phenomenon has
affected the age distribution of patients with end-stage renal disease (ESRD). According to the
Japanese Society for Dialysis Therapy, 14% of Japanese patients who underwent dialysis ther-
apy were aged 80 years in 2004, and this proportion increased to 22% in 2012 [7]. Likewise,
19% of Korean patients who started dialysis for renal replacement therapy were >65 years old
in 2000, but this rate increased to 37.5% in 2012 [8].

Aging of ESRD patients has led to an increased requirement for KT in the geriatric popula-
tion. According to the Korean Network for Organ Sharing (KONOS), only 0.02% of KT recipi-
ents in 2000 were >60 years old; whereas, in 2014 11.17% of KT recipients were >60 years old
[8].

Although KT has several benefits compared to other renal replacement therapies, KT
accounts for only 20% of all renal replacement therapy. Donor shortage is most important
cause of this situation, which is a more critical problem in geriatric individuals than in younger
patients. Moreover, the deceased donor kidney allografts tend to be allocated to younger recipi-
ents when patients are in similar conditions. Also, living donor candidates for geriatric recipi-
ents tend to be old, and many of them have limitations for organ donation because of their
health problems. Therefore, evaluating the risk factors of graft failure and patient death after
KT is important, especially in the geriatric population. However, there are few data available
regarding these risk factors, especially in Asian populations [9]. The aim of this study was to
evaluate the risk factors for graft failure and patient death in geriatric renal transplantation.

Materials and Methods

Study population

Patients who received KT's from May 1995 to December 2014 at Asan Medical Center, a ter-
tiary hospital in South Korea, were included. Recipients younger than 60 years and who
received transplantation of other organs, such as the liver, pancreas, or heart, were excluded.
Medical records of the included patients were retrospectively reviewed. All research procedures
were approved by the Institutional Review Board at Asan Medical Center (2015-0590). All
information about patients were anonymized prior to analysis. None of the transplant donors
were from a vulnerable population and all donors or next of kin provided written informed
consent that organ donation was pro bono.

Outcome variables

We gathered information on the age of recipients and donors and sex of the recipients as
demographic data. Information on the dialysis vintage, mode of dialysis, causes of ESRD, num-
ber of human leukocyte antigen (HLA) mismatches, ABO incompatibility, pre-transplant co-
morbidities (diabetes mellitus, hypertension, coronary artery disease, stroke, and chronic hepa-
titis B [HBV] and C [HCV]), immunosuppressant agent used, previous transplantation history,
cold ischemic time, donor type, and body mass index (BMI) were collected as independent var-
iables. Hypertension was defined as a systolic blood pressure>140mmHg or a diastolic blood
pressure of >90mmHg or those who were receiving antihypertensive medication at the time of
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transplantation. Prior to transplantation, all recipients were evaluated their cardiac function
with transthoracic echocardiography and thallium-201 myocardial perfusion scintigraphy. If
abnormal findings were revealed by those studies, recipients were referred to a cardiologist.
Coronary artery disease was defined as a previous history of percutaneous coronary interven-
tion or coronary artery bypass graft surgery.

Information on adverse events (delayed graft function [DGF], cytomegalovirus [CMV]
infection, BK virus [BKV] infection, and biopsy proven rejection) after transplantation was
also collected. DGF was defined as a requirement for dialysis within a week after transplanta-
tion. CMV infection was defined as the presence of CMV antigenemia or clinical symptoms of
specific organ infection accompanied with a positive result on culture, histopathology, immu-
nohistochemical analysis, or in situ hybridization from a sample of a specific organ [10]. Two
hundred nine patients (92.9%) showed positive CMV immunoglobulin G prior to transplanta-
tion. One hundred ninety donors showed positive CMV immunoglobulin G and 6 donors
showed negative results prior to transplantation. Rest of the recipients and donors were not
checked CMV IgG prior to transplantation. According to the Kidney Disease Improving
Global Outcome (KDIGO) guidelines [11], a plasma BKV level of >10,000 copies/mL is associ-
ated with a 93% specificity for the presence of BKV nephropathy. Therefore, in our present
study, BKV infection was defined as a plasma BKV level of >10,000 copies/mL.

Graft fajlure and patient death were collected as outcome variables. Graft failure was defined
as re-starting any type of renal replacement therapy or death of the recipient. Acute renal dys-
function that occurred with septic shock, bleeding, and any other causes was not considered as
graft failure. However, renal dysfunction that required renal replacement therapy for more
than 3 months was considered as graft failure. Information on the cause of death was also
collected.

Statistical analysis

The Kaplan-Meier method was used to assess patient survival and graft survival. Cox regres-
sion analysis was used to evaluate the potential risk factors for graft failure and patient death,
in which we used 10 variables in the order of p value obtained from the univariate analysis to
avoid overfitting. Fisher’s exact test was used to evaluate correlation between ABO incompati-
ble KT and death by infectious complication. A P-value of <0.05 was used to represent statisti-
cal significance. SPSS software version 20.0 was used for the statistical analyses (IBM Corp.,
Armonk, NY).

Results

During the study period, 229 KTs were performed for recipients aged over 60 years. Four
patients who received transplantation of other organs were excluded. Ultimately, a total of 225
patients were included (See S1 Dataset). The mean follow-up period was 57.9 +49.6 months.
Table 1 presents the baseline characteristics of the study patients. The mean age of the recipi-
ents was 63.2 + 2.7 years, and 63.6% were male. The most common cause of ESRD was diabetes
(38.2%, n = 86) and hypertension was the second common cause (14.2%, n = 32). The mean
time on dialysis prior to transplantation was 30.6 + 45.0 months. At the time of transplanta-
tion, 89.3% of recipients (n = 201) had hypertension, 41.3% (n = 93) had diabetes, 18.2%

(n =41) had history of coronary artery disease, 10.2% (n = 23) had stroke, 2.2% (n = 5) had
chronic hepatitis B and one recipient had chronic hepatitis C. Living donor transplantation
accounted for 79.6% of all transplantations. The mean age of donors was 43.1 + 12.7 years. At
baseline, 44.4% of recipients took cyclosporine-based immune suppressive therapy, while
52.4% took tacrolimus-based immune suppressive therapy. CMV infection occurred in 20.4%
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Table 1. Baseline characteristics of the study subjects.

Recipient

Donor

Transplantation characteristics

Immunosuppressant

Adverse event

Demographics

Cause of ESRD, n (%)

Mode of dialysis, n (%)

Dialysis vintage, months (mean = SD)
Co-morbidity

Living donor, n (%)
Donor age (mean + SD)

ABO incompatible, n (%)
Re-transplantation, n (%)
Cold ischemic time, min (mean + SD)

Calcineurin inhibitor, n (%)

Antimetabolite, n (%)

DGF, n (%)

CMV, n (%)

BKV, n (%)

Biopsy proven rejection
Graft failure

Death

Age (mean + SD)
Male, n (%)
BMI (mean £ SD)

Glomerulonephritis
DM

HTN

PCKD

Others

Unknown

Pre-emptive KT
HD

PD

HD+PD

DM, n (%)
HTN, n (%)
CAD, n (%)
Stroke, n (%)
HBV, n (%)
HCV, n (%)

Cyclosporine
Tacrolimus

Azathioprine
Mycophenolate mofetil

63.2+27
143 (63.6)
23.4+27

25 (11.1)
86 (38.2)
32 (14.2)
8 (3.6)
16 (7.1)
58 (25.8)

39 (17.3)
156 (69.3)
22 (9.8)

8 (3.6)
30.6 + 45.0

93 (41.3)
201 (89.3)
41 (18.2)
23 (10.2)
5(2.2)
1(0.4)

179 (79.6)
431 +12.7

31 (13.8)
16 (7.1)
85.8 +117.9

100 (44.4)
118 (52.4)

24 (10.7)
161 (71.6)

18 (8.0)
46 (20.4)
21 (9.3)
38 (16.9)
52 (23.1)
40 (17.8)

BMI, body mass index; ESRD, end-stage renal disease; DM, diabetes mellitus; HTN, hypertension; PCKD,; polycystic kidney disease; KT, kidney
transplantation; HD, hemodialysis; PD, peritoneal dialysis; CAD, coronary artery disease; HBV, hepatitis B virus; HCV, hepatitis C virus; DGF, delayed
graft failure; CMV, cytomegalovirus; BKV, BK virus

doi:10.1371/journal.pone.0153410.t001
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Fig 1. Graft survival rates following kidney transplantation in the Korean geriatric recipients.

doi:10.1371/journal.pone.0153410.g001

of recipients (n = 46)and 9.3% experienced BKV infection (n = 21). Biopsy proven rejections
were reported in 16.9% of all patients (n = 38).

Fig 1 shows the graft survival in the geriatric recipients. Graft survival at 1, 5, and 10 years
were 93.2%, 82.9% and 61.2%, respectively. Fig 2 shows the patient survival and patient survival
at 1, 5, and 10 years were 94.6%, 86.9% and 68.8%, respectively. During the study period, 52
cases of graft failure occurred. The most common cause of graft failure was patient death
(76.9%, n = 40). Univariate analysis revealed that the dialysis time prior to transplantation,
ABO incompatibility, DGF, and CMV infection were risk factors for graft failure. According to
the Cox multivariate analysis, ABO incompatibility (Hazard ratio [HR] 3.91, p < 0.002), DGF
(HR 3.544, p < 0.004), CMV infection (HR 2.244, p < 0.011), and HBV infection (HR 6.349,
p < 0.015) were independent risk factors. (Table 2)

Forty patients died during the follow-up period. More than half of these deaths were caused
by infection (52.5%, n = 21), and this was the most common cause of death (Table 3). Cardio-
vascular disease was followed by infection. Univariate analysis showed that time on dialysis
prior to transplantation, the number of HLA mismatches, ABO incompatibility, and CMV
infection were risk factors for patient death. Cox multivariate analysis showed that recipient
age (HR 1.128, p < 0.024), ABO incompatibility (HR 3.014, p < 0.025), CMV infection (HR
2.532, p < 0.010), and the number of HLA mismatches (HR 1.425, p < 0.007) were indepen-
dent risk factors for patient death. (Table 4)

In order to evaluate if infection, as the leading cause of death in our study subjects, differed
between in ABO compatible and incompatible KT, we compared the ratio of death caused by
infection between the two groups. ABO incompatible KT was introduced since November
2009 in our center, therefore, we evaluated data of patients who underwent living donor
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Fig 2. Patient survival rates following kidney transplantation in the Korean geriatric recipients.
doi:10.1371/journal.pone.0153410.g002

transplantation after this time point. A total of 110 patients were subject to this analysis, and as
a result, death caused by infection was significantly higher in ABO incompatible group (13.8%,
n = 4) than in ABO compatible group (2.5%, n = 2, p = 0.041).

Table 2. Risk factors for graft failure.

Univariate analysis Multivariate analysis
HR 95% ClI P value HR 95% ClI P value
Recipient age 1.076 0.979-1.184 0.129
Recipient sex 1.197 0.687-2.088 0.525
Donor age 1.011 0.989-1.034 0.322
Living donor 0.694 0.375-1.285 0.245
Time on dialysis prior to transplantation (per month) 1.005 1.000-1.011 0.049
No. of HLA mismatches 1.227 0.986-1.527 0.067 1.243 0.995-1.552 0.055
ABO incompatible 2.875 1.225-6.751 0.015 3.910 1.676-9.123 0.002
Delayed graft function 3.752 1.633-8.619 0.002 3.544 1.511-8.311 0.004
CMV 2.610 1.436—4.745 0.002 2.244 1.205-4.177 0.011
HBV 3.503 0.833-14.731 0.087 6.349 1.434-28.114 0.015
HCV 3.964 0.540-29.121 0.176

CMV, cytomegalovirus; HBV, hepatitis B virus; HCV, hepatitis C virus.

doi:10.1371/journal.pone.0153410.1002
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Table 3. Cause of death in the study population according to the type of donor.

Deceased donor (n = 46)

Living donor (n = 179)

Type of donor

doi:10.1371/journal.pone.0153410.1003

Table 4. Risk factors for patient death.

ABO compatible (n = 148)

ABO incompatible (n = 31)

Discussion

Cause of death

Infection
Cardiovascular disease
Unknown

Infection
Malignancy
Cardiovascular disease
Unknown

Infection
Bleeding
Unknown

No. of patients

N W NN oo

»

In this study, renal transplantation in the elderly showed fairly good transplantation outcomes.
Our investigation also revealed that ABO incompatibility, DGF, CMV infection, and HBV
infection were risk factors for graft failure and that the recipient age, ABO incompatibility,

CMYV infection, and the number of HLA mismatches were risk factors for patient death in geri-
atric renal transplantation. Our findings were similar to those from previous studies, as DGF
[12] and CMV infection [13,14] were proven to be risk factors for graft failure, and recipient
age [15] and CMYV infection [16,17] were independent risk factors for patient survival.
Baseline characteristics showed that mean donor age was significantly younger than recipi-
ent age, because most allograft were donated from living donor. In Korea, living donor KT was

more commonly performed than deceased donor KT compared to other western countries and
this trend was reflected in our study. According to KONOS 2014 annual report, in 2013, the
deceased donor kidney transplant rate was 15.22 per million population in Korea, while it was

Univariate analysis

Multivariate analysis

HR 95% ClI P value HR 95% CI P value
Recipient age 1.107 0.997-1.229 0.056 1.128 1.016-1.253 0.024
Recipient sex 0.950 0.496-1.821 0.877
Donor age 1.015 0.989-1.041 0.268
Donor type 0.518 0.267-1.005 0.052
Time on dialysis prior to transplantation (per month) 1.006 1.000-1.012 0.040 1.006 1.000-1.012 0.054
No. of HLA mismatches 1.373 1.067-1.768 0.014 1.425 1.103-1.840 0.007
ABO incompatibility 3.124 1.221-7.993 0.018 3.014 1.145-7.930 0.025
CMV 2.712 1.388-5.297 0.004 2.532 1.254-5.112 0.010
BKV 0.220 0.030-1.599 0.134 0.238 0.032-1.759 0.160
HCV 5.742 0.773-42.639 0.088
CMV, cytomegalovirus; BKV, BK virus; HCV, hepatitis C virus.
doi:10.1371/journal.pone.0153410.1004
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38.58 per million population in the United States. On the contrary, in the very same period, the
living donor kidney transplant rate was 20.48 per million population in Korea, while it was
18.03 per million population in the United States [8].

Contrary to previous studies [18,19], ABO incompatible KT was shown as one of the inde-
pendent risk factors for patient death and graft failure in our study. Prior to ABO incompatible
KT, recipients were administered 200 mg of rituximab, and 3 to 7 sessions of plasmapheresis
were performed 3 to 14 days before transplantation in our center. There were two exceptional
cases of receiving 500mg of rituximab since they had underwent transplantation before
November 2009. The desensitization protocol was applied identically for both elderly and
younger recipients. The elderly patients are not only vulnerable to infectious complications
[20-22], but the desensitization procedure could have added risk to infection, coming from the
higher immunosuppression in the process of ABO incompatible KT. In fact, our results showed
higher percentage of death caused by infection in patients who received ABO incompatible KT
compared with those who received ABO compatible KT. Several studies accomplished in west-
ern countries revealed that the most common cause of patient death in geriatric KT was a car-
diac problem [23,24]. By contrast, studies carried out in Asian countries, including the present
study, indicate that the most common cause of patient death to be infection [9]. A reduced
dose ABO incompatible KT protocol for elderly recipients may improve KT outcomes. In this
regard, Uchida et al. reported a successful clinical outcome of ABO incompatible KT with a
reduced dose desensitization protocol in a geriatric group [25].

CMYV infection is a risk factor for graft failure and patient death. In this study, we used a
preemptive strategy against CMV infection. However, Lai et al. reported that even though
recipients received low-dose ganciclovir (1.5 g/day for 3 months) prophylaxis, the therapy
could be a risk factor for patient death [9]. For elderly recipients, an aggressive CMV infection
prevention strategy could improve clinical outcomes of KT.

Previously, HBV infection was reported to have an adverse effect on graft survival in renal
transplantation, but recent studies have shown no difference in the graft survival between
HBsAg positive and negative recipients. Development of new antiviral agents, such as entecavir
or tenofovir, is attributed to this change. Huang et al. reported that entecavir was superior to
lamivudine in preventing reactivation in lymphoma patients who underwent chemotherapy
[26]. In our present study, HBV infection was revealed to be a risk factor for graft failure. Five
HBsAg positive recipients were included in our current series. Of these patients, only one
patient experienced graft loss and HBV reactivation. This patient had received lamivudine
after KT, but lamivudine resistance had occurred. Two other recipients were administered
entecavir, and the remaining patients received tenofovir. All four patients still have a function-
ing graft and have not experienced HBV reactivation. HBsAg-positive geriatric patients who
are taking new antiviral agents, such as entecavir or tenofovir are expected to undergo renal
transplantation safely.

This study had several limitations. Firstly, the number of subjects in the study population
was relatively small. This could be due to the fact that geriatric renal transplantation is not
commonly performed in Korea. In fact, only 9.1% of total renal transplantations (8,283 renal
transplantations from 2010 to 2014) were performed in patients over 60 years old [8]. In order
to overcome this limitation, we tried to extend the study period as long as we could and used
60 years as the cut off age for defining geriatric population. Secondly, there could be a selection
bias due to the nature of single center observational study. Especially, the proportion of
deceased donor was relatively small because old patients have low priority for KT in the
KONOS and deceased donor KT rate was actually reported lower than living donor KT rate in
Korea [8]. However, this reflects the current status of KT in Korea. Based on our findings, as
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the volume of elderly patients who receive KT increases, these issues are expected to be solved.
In addition, further multi-center studies should be conducted.

Conclusion

The clinical outcomes of geriatric renal transplantation were good. We found that ABO incom-
patibility, DGF, CMV infection, and HBV infection were risk factors for graft failure and the
recipient age, ABO incompatibility, CMV infection, and the number of HLA mismatches were
risk factors for patient death in geriatric renal transplantation. In order to improve transplanta-
tion outcomes in geriatric population, we need to develop new modified desensitization proto-
col for ABO incompatible KT recipients, more aggressive CMV prophylaxis strategy and we
should actively use newly developed antiviral agents such as entecavir or tenofovir in HBsAg
positive recipients. However, all of these factors should be confirmed by further prospective,
randomized and multicenter studies.

Supporting Information

S1 Dataset. Baseline characteristics of the study population.
(XLSX)

Acknowledgments

All authors would like to thanks Dr, So Young Park of Clinical research center, Asan medical
center and Killan Perrem of Boston BioEdit Inc.who supported us to revise this article in
proper written English.

Author Contributions

Conceived and designed the experiments: SKP MW]. Performed the experiments: SKP YHK.
Analyzed the data: MW] HC. Contributed reagents/materials/analysis tools: HC ES HY. Wrote
the paper: HC.

References

1. Oniscu GC, Brown H, Forsythe JL.How great is the survival advantage of transplantation over dialysis
in elderly patients? Nephrol Dial Transplant. 2004; 19(4): 945-951. PMID: 15031354

2. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al. Comparison of mortality in all
patients on dialysis, patients on dialysis awaiting transplantation, and recipients of a first cadaveric
transplant. N Engl J Med. 1999; 341(23): 1725-1730. PMID: 10580071

3. Cornella C, Brustia M, Lazzarich E, Cofano F, Ceruso A, Barbe MC, et al.Quality of life in renal trans-
plant patients over 60 years of age. Transplant Proc. 2008; 40(6): 1865—1866. doi: 10.1016/j.
transproceed.2008.05.050 PMID: 18675072

4. Weber M, Faravardeh A, Jackson S, Berglund D, Spong R, Matas AJ, et al.Quality of life in elderly kid-
ney transplant recipients. J Am Geriatr Soc. 2014; 62(10): 1877—-1882. doi: 10.1111/jgs.13065 PMID:
25284598

Shrestha LB.Population aging in developing countries. Health Aff (Millwood). 2000; 19(3): 204—212.

6. KinsellaK, He W. International population report, p95/09-1, An aging world: 2008. Washington, DC: U.
S. Census bureau; 2009.

7. Hatakeyama S, Murasawa H, Hamano |, Kusaka A, Narita T, Oikawa M, et al.Prognosis of elderly Japa-
nese patients aged >/ = 80 years undergoing hemodialysis. ScientificWorldJournal. 2013;
2013693514.

8. Korean network for organ sharing. Annual report of the transplant 2013. Seoul: KONOS; 2014.

9. LaiX, Chen G, QiuJ, Wang C, Chen L.Recipient-related risk factors for graft failure and death in elderly
kidney transplant recipients. PLoS One. 2014; 9(11): e112938. doi: 10.1371/journal.pone.0112938
PMID: 25389964

PLOS ONE | DOI:10.1371/journal.pone.0153410 April 13,2016 9/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153410.s001
http://www.ncbi.nlm.nih.gov/pubmed/15031354
http://www.ncbi.nlm.nih.gov/pubmed/10580071
http://dx.doi.org/10.1016/j.transproceed.2008.05.050
http://dx.doi.org/10.1016/j.transproceed.2008.05.050
http://www.ncbi.nlm.nih.gov/pubmed/18675072
http://dx.doi.org/10.1111/jgs.13065
http://www.ncbi.nlm.nih.gov/pubmed/25284598
http://dx.doi.org/10.1371/journal.pone.0112938
http://www.ncbi.nlm.nih.gov/pubmed/25389964

@ PLOS | one

Risk Factors for Geriatric Renal Transplantation

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

van der Bij W, Speich R.Management of cytomegalovirus infection and disease after solid-organ trans-
plantation. Clin Infect Dis. 2001; 33 Suppl 1S32-37. PMID: 11389520

KDIGO clinical practice guideline for the care of kidney transplant recipients. Am J Transplant. 2009; 9
Suppl 3S1-155. doi: 10.1111/j.1600-6143.2009.02834.x PMID: 19845597

Ojo AO, Wolfe RA, Held PJ, Port FK, Schmouder RL.Delayed graft function: risk factors and implica-
tions for renal allograft survival. Transplantation. 1997; 63(7): 968-974. PMID: 9112349

Fietze E, Prosch S, Reinke P, Stein J, Docke WD, Staffa G, et al.Cytomegalovirus infection in trans-
plant recipients. The role of tumor necrosis factor. Transplantation. 1994; 58(6): 675—680. PMID:
7940686

Reinke P, Fietze E, Ode-Hakim S, Prosch S, Lippert J, Ewert R, et al.Late-acute renal allograft rejection
and symptomless cytomegalovirus infection. Lancet. 1994; 344(8939-8940): 1737-1738. PMID:
7741857

Veroux M, Grosso G, Corona D, Mistretta A, Giaquinta A, Giuffrida G, et al.Age is an important predictor
of kidney transplantation outcome. Nephrol Dial Transplant. 2012; 27(4): 1663—1671. doi: 10.1093/ndt/
gfr524 PMID: 21926404

Sagedal S, Hartmann A, Nordal KP, Osnes K, Leivestad T, Foss A, et al.Impact of early cytomegalovi-
rus infection and disease on long-term recipient and kidney graft survival. Kidney Int. 2004; 66(1): 329—
337. PMID: 15200441

Sagedal S, Rollag H, Hartmann A.Cytomegalovirus infection in renal transplant recipients is associated
with impaired survival irrespective of expected mortality risk. Clin Transplant. 2007; 21(3): 309-313.
PMID: 17488378

Shin E, Kwon SW, Yang WS, Baeck C, Yu H, Cho H, et al.Long-term Outcomes of ABO-Incompatible
Living Donor Kidney Transplantation: A Comparative Analysis. Transplant Proc. 2015; 47(6): 1720—
1726. doi: 10.1016/j.transproceed.2015.05.026 PMID: 26293040

Opelz G, Morath C, Susal C, Tran TH, Zeier M, Dohler B.Three-year outcomes following 1420 ABO-
incompatible living-donor kidney transplants performed after ABO antibody reduction: results from 101
centers. Transplantation. 2015; 99(2): 400-404. doi: 10.1097/TP.0000000000000312 PMID:
25050471

Meier-Kriesche HU, Ojo AO, Hanson JA, Kaplan B.Exponentially increased risk of infectious death in
older renal transplant recipients. Kidney Int. 2001; 59(4): 1539-1543. PMID: 11260418

Trouillhet I, Benito N, Cervera C, Rivas P, Cofan F, Almela M, et al.Influence of age in renal transplant
infections: cases and controls study. Transplantation. 2005; 80(7): 989-992. PMID: 16249750

Castle SC.Clinical relevance of age-related immune dysfunction. Clin Infect Dis. 2000; 31(2): 578-585.
PMID: 10987724

Heldal K, Leivestad T, Hartmann A, Svendsen MV, Lien BH, Midtvedt K.Kidney transplantation in the
elderly—the Norwegian experience. Nephrol Dial Transplant. 2008; 23(3): 1026—-1031. PMID:
18079146

Boesmueller C, Biebl M, Scheidl S, Oellinger R, Margreiter C, Pratschke J, et al.Long-term outcome in
kidney transplant recipients over 70 years in the Eurotransplant Senior Kidney Transplant Program: a
single center experience. Transplantation. 2011; 92(2): 210-216. doi: 10.1097/TP.0b013e318222ca2f
PMID: 21642907

Uchida J, lwai T, Machida Y, Kuwabara N, Kabei K, Murao M, et al. ABO-incompatible kidney transplan-
tation in elderly patients over 60 years of age. Int Urol Nephrol. 2012; 44(5): 1563—1570. doi: 10.1007/
s11255-012-0231-z PMID: 22828739

Huang H, Li X, Zhu J, Ye S, Zhang H, Wang W, et al.Entecavir vs lamivudine for prevention of hepatitis
B virus reactivation among patients with untreated diffuse large B-cell ymphoma receiving R-CHOP
chemotherapy: a randomized clinical trial. JAMA. 2014; 312(23): 2521-2530. doi: 10.1001/jama.2014.
15704 PMID: 25514302

PLOS ONE | DOI:10.1371/journal.pone.0153410 April 13,2016 10/10


http://www.ncbi.nlm.nih.gov/pubmed/11389520
http://dx.doi.org/10.1111/j.1600-6143.2009.02834.x
http://www.ncbi.nlm.nih.gov/pubmed/19845597
http://www.ncbi.nlm.nih.gov/pubmed/9112349
http://www.ncbi.nlm.nih.gov/pubmed/7940686
http://www.ncbi.nlm.nih.gov/pubmed/7741857
http://dx.doi.org/10.1093/ndt/gfr524
http://dx.doi.org/10.1093/ndt/gfr524
http://www.ncbi.nlm.nih.gov/pubmed/21926404
http://www.ncbi.nlm.nih.gov/pubmed/15200441
http://www.ncbi.nlm.nih.gov/pubmed/17488378
http://dx.doi.org/10.1016/j.transproceed.2015.05.026
http://www.ncbi.nlm.nih.gov/pubmed/26293040
http://dx.doi.org/10.1097/TP.0000000000000312
http://www.ncbi.nlm.nih.gov/pubmed/25050471
http://www.ncbi.nlm.nih.gov/pubmed/11260418
http://www.ncbi.nlm.nih.gov/pubmed/16249750
http://www.ncbi.nlm.nih.gov/pubmed/10987724
http://www.ncbi.nlm.nih.gov/pubmed/18079146
http://dx.doi.org/10.1097/TP.0b013e318222ca2f
http://www.ncbi.nlm.nih.gov/pubmed/21642907
http://dx.doi.org/10.1007/s11255-012-0231-z
http://dx.doi.org/10.1007/s11255-012-0231-z
http://www.ncbi.nlm.nih.gov/pubmed/22828739
http://dx.doi.org/10.1001/jama.2014.15704
http://dx.doi.org/10.1001/jama.2014.15704
http://www.ncbi.nlm.nih.gov/pubmed/25514302

