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INTRODUCTION

The proportion of the global population older than 60 years will increase to 2 billion in 2050. 1 The health of this group is also improving: life expectancy at ages 65 and 75 increased from 16.4 years and 10.4 years in 1980 to 19.1 years and 12.1 years in 2010, respectively. [START_REF]Healthy people 2010: general data issues[END_REF][START_REF] Kontis | Future life expectancy in 35 industrialised countries: projections with a Bayesian model ensemble[END_REF] Therefore, surgeons are performing surgical procedures on an increasing number of elderly patients, [START_REF] Lin | Frailty and post-operative outcomes in older surgical patients: a systematic review[END_REF] including organ transplantations. [START_REF] Burra | Influence of age and gender before and after liver transplantation[END_REF][START_REF] Sutherland | Kidney and liver transplantation in the elderly[END_REF] The demand for grafts for the elderly is increasing in the field of liver transplantation (LT); based on data from the United Network for Organ Sharing (UNOS), the proportion of registrants and recipients aged ≥ 65 or ≥ 70 years doubled from 8.1% to 17% and from 1.4% to 3.1% between 2002 and 2014, respectively. [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF] The same trend is present in the European Liver Transplant Registry; between 2000 and 2015, the proportion of recipients aged ≥ 65 or ≥ 70 years increased from 5% to 13% and from 0.3% to 1.3%, respectively (European Liver Transplant Registry, http://www.eltr.org accessed on March 13, 2017). This increased demand for LT in the elderly is not only due to the aging of the general population but also specifically to the aging of patients infected with HCV and the overall increasing proportion of patients with nonalcoholic fatty liver disease (NASH) or hepatocellular carcinoma (HCC), both of which tend to affect older individuals. [START_REF] Tajiri | Liver physiology and liver diseases in the elderly[END_REF] In the early years of LT, the upper age limit for its indication was 45-55 years. [START_REF] Shaw | Transplantation in the elderly patient[END_REF] Since the 1993 consensus on LT, the chronological age has been used as a dichotomized value, with the cut-off limit shifted to the physiological age. [START_REF] Calne | Contraindications to liver transplantation[END_REF][START_REF] Murray | AASLD practice guidelines: evaluation of the patient for liver transplantation[END_REF][START_REF] Martin | Evaluation for liver transplantation in adults: 2013 practice guideline by the American Association for the Study of Liver Diseases and the American Society of Transplantation[END_REF][START_REF] Liver | EASL Clinical Practice Guidelines: liver transplantation[END_REF] Although analyses of registries in the model for end-stage liver disease (MELD) era consistently show reductions in post-transplantation survival with increasing age, single center studies examining the impact of age on post-transplantation survival provide conflicting conclusions. A systematic review or meta-analysis comparing post-liver transplantation survival in older versus younger patients has not been performed. This knowledge gap was the impetus for the present systematic review of the available literature and the first meta-analysis comparing post-liver transplantation survival rates in older and younger patients. Our secondary objective were to assess graft survival in elderly patients and to compare to young patients who underwent elective liver transplantation.

METHODS

Literature search

The systematic review and meta-analysis were performed in accordance with the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) Statement 14 using identified published articles comparing short-and long-term outcomes following LT between young and elderly patients. This review was registered (Number CRD42017058261) as required in the international prospective register for systematic review protocols (PROSPERO, www.crd.york.ac.uk/prospero/).

Study selection

By applying the PICO (Population, Intervention, Comparison, Outcome) [START_REF] Richardson | The well-built clinical question: a key to evidence-based decisions[END_REF][START_REF] Schardt | Utilization of the PICO framework to improve searching PubMed for clinical questions[END_REF] framework, the study selection criteria for the meta-analysis were: (i) Participants: adults who underwent liver transplantation, (ii) Interventions: adult liver transplant obtained from a cadaveric donor, (iii)

Comparisons: liver transplantation in elderly patients vs. young patients, and (iv) Outcome measures: the primary outcomes were one-and five-year patient and graft survival rates.

Outcome measures

The primary outcomes assessed were patient mortality and graft loss rates. The secondary outcomes were perioperative morbidity and 90-day mortality.

Data extraction and quality assessment

An electronic search was formulated in collaboration with a medical librarian. Records were removed only if both reviewers excluded the record at the title screening level.

All disagreements were resolved by discussion with a third reviewer (DA). Subsequently, both reviewers performed a full-text review of the selected articles. The Grading of Recommendations Assessment Development and Evaluation (GRADE) system [START_REF] Guyatt | GRADE: an emerging consensus on rating quality of evidence and strength of recommendations[END_REF] was used to enable consistent judgment of the "body of evidence" (rated as high, moderate, low, and very low) of the studies included in the systematic review and meta-analysis. Additionally, when researchers from the same center published more than one study, information from the different papers was retrieved according to the variable(s) analyzed.

Data from the studies included in the systematic review and meta-analysis were processed for qualitative and possibly quantitative analyses. Outcome measures (mean values, standard deviations, ranges and p-values) were extracted for each variable.

Data synthesis and analysis

Data from included studies were pooled, the quality was classified according to the GRADE system and after meta-analysis was performed. Statistical analyses were performed using Review Manager 5.3 software (Cochrane collaboration, Oxford, England).

The hazard ratio (HR) was used as a summary statistic for patient mortality and graft loss rates. An HR of less than 1 represented a survival benefit favoring elderly patients, whereas P values < 0.05 and 95% confidence intervals (CIs) lacking a value of 1 supported the statistical significance of the HR.

The fixed-effect model was first used to pool the results. Heterogeneity was assessed using the I 2 statistic. When the data were heterogeneous, a meta-analysis was performed using the random-effects model. [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF][START_REF] Higgins | Measuring inconsistency in metaanalyses[END_REF] An I 2 value ranging from 0 to 40% was defined as acceptable heterogeneity, a value ranging from 30 to 60% was defined as moderate heterogeneity, a value ranging from 50 to 90% was defined as substantial heterogeneity, and a value ranging from 75 to 100% was defined as considerable heterogeneity, according to Cochrane Handbook Guidelines.

A meta-analysis was not performed for secondary endpoints (i.e., perioperative morbidity and mortality) in the present study due to the heterogeneity of the selected studies.

Publication bias was not investigated because of the low sensitivity of the qualitative and quantitative tests when the number of studies is lower than ten [START_REF] Ioannidis | An exploratory test for an excess of significant findings[END_REF] .

The statistical methodology used here was performed under the guidance of an expert in systematic reviews and meta-analyses (KG).

RESULTS

Literature search

Of the 822 initially identified articles, 22 articles 7,21-41 met the inclusion criteria and were selected for the present study. Figure 1 shows the forest plot of study identification and the inclusion/exclusion process. All selected reports were published in English.

Study characteristics

The selected studies were performed in ten countries. Eight studies used data from registries, [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF] two were comparative series, [START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] and the remaining 12 were all single-center retrospective reviews of a cohort of adult deceased-donor LT [START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] or living donor LT [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF] in elderly versus younger recipients. The overall number of transplanted patients was 242,487, i.e., 218,827 patients (90.2%) in the young group, and 23,660 patients (9.7%) in the elderly group. Only data from patients included in single-center series were included in the meta-analysis to obviate the redundant inclusion of patients reported both in single center series and in registry series.

Study quality assessment

Obviously, no controlled studies were identified. The studies were epidemiological studies, case control studies, and case series with various methods and aims. A meta-analysis is not currently available. According to the GRADE system, 17 (77.3%) studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] were considered low quality, and the remaining 5 studies [START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] had a very low quality of evidence.

Systematic review

Definition of elderly

Elderly was defined as a recipient age > 63 years in one study, [START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF] > 65 years in thirteen studies, [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] > 70 years in seven studies, [START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] and > 75 years in one study [START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF] (Table 1). The oldest reported recipient was 80 years old [START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF] .

Young recipients were defined as < 70 years in six studies, [START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] < 65 years in thirteen studies, [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] < 60 years in two studies, [START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF] and < 40 years in one study [START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF] .

Comorbidities

Cardiovascular diseases were present in 4.1% to 50% of the elderly recipients and in 2.5% to 15% of the young recipients (Table 1). Two studies [START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF] reported a statistically significant higher prevalence of these comorbidities in the elderly, whereas 3 studies [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] did not report any evidence of difference in the comorbidities between age groups. This comparison was not performed in the remaining studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] .

Diabetes mellitus was present in 8.7% to 78% of the elderly recipients and in 11.7% to 68% of the young recipients. Two studies 7,27 reported a significantly higher prevalence of diabetes in the elderly group, whereas six studies [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] did not report any difference in the prevalence of diabetes mellitus. This comparison was not reported in the remaining studies 22- 25,29-32,34,35,37,39-41 .

Chronic hemodialysis was needed at the time of LT, with no evidence of a difference in prevalence in five studies, [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] and a significantly higher prevalence of chronic hemodialysis in the young recipients in another study [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF] . The comparison was not reported in the remaining studies [START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] .

Indications for transplantation

Twenty studies reported the indications for LT [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] (Table 2).

Hepatocellular carcinoma was the most common indication for LT in the elderly in 4 studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] and was significantly more frequently observed in elderly patients than in young patients in these studies. Three studies [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] showed no significant difference in the incidence of hepatocellular carcinoma between the 2 groups.

Chronic viral hepatitis was the most common cause of LT in young patients in 5 studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] and was significantly more frequently observed in young patients than in elderly patients in these 5 studies. Two studies [START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] showed a higher frequency of viral hepatitis in the elderly group. Three studies [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF] did not report a significant difference in the incidence of viral hepatitis between the 2 groups.

Alcohol-related liver disease was more frequently observed in the young group (ranging from 3.1% to 31%) than in the elderly group (ranging from 6.5% to 19%). Four studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] reported a significantly higher incidence of alcohol-related liver disease in younger patients.

Three studies [START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] did not show a significant difference in the incidence of alcohol-related liver diseases between the 2 groups.

MELD score

The MELD scores for candidates for LT were reported in 17 studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] (Table 2).

In 5 studies, [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] the elderly group displayed a significantly lower MELD score, but a difference was not observed in 6 studies [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF] . This comparison was not reported in the remaining studies [START_REF] Sharpton | Combined effects of recipient age and model for end-stage liver disease score on liver transplantation outcomes[END_REF][START_REF] Malinis | Outcomes among older adult liver transplantation recipients in the model of end stage liver disease (MELD) era[END_REF][START_REF] Wilson | Is liver transplantation safe and effective in elderly (>/=70 years) recipients? A casecontrolled analysis[END_REF][START_REF] Schwartz | Liver transplantation in septuagenarians receiving model for end-stage liver disease exception points for hepatocellular carcinoma: the national experience[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Aloia | Analysis of liver transplant outcomes for United Network for Organ Sharing recipients 60 years old or older identifies multiple model for end-stage liver disease-independent prognostic factors[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] .

Waitlist outcomes

Only two studies reported waitlist outcomes, [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF] including dropout and death. Su et al. [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF] reported a significantly higher risk of dropout from the waiting list and subsequent death before LT in the older candidate group. Montalti et al. [START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF] reported a significantly higher risk of exclusion during the screening phase in the elderly group but no statistically significant differences in terms of dropout from the waiting list or death while on the waiting list or after LT between groups.

Donor characteristics

Ten studies [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF][START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] compared the donor age between the two groups. Only one study [START_REF] Su | Aging of liver transplant registrants and recipients: trends and impact on waitlist outcomes, post-transplantation outcomes, and transplant-related survival benefit[END_REF] showed a significantly higher donor age in the elderly group; the remaining 9 did not show any significant difference [START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Taner | Age is not a contraindication for orthotopic liver transplantation: a single institution experience with recipients older than 75 years[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Lipshutz | Outcome of liver transplantation in septuagenarians: a single-center experience[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] (Table 1).

Other variables, such as the donor risk index, were not available for analysis.

Short-term outcomes

Perioperative deaths were reported in 5 studies; [START_REF] Oezcelik | Living donor liver transplantation in patients 70 years or older[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] in 3, 23,33,40 a significant difference was not detected between the two groups, and in the remaining studies, mortality was reported in only one of the groups [START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF][START_REF] Safdar | Liver transplant for the septuagenarians: importance of patient selection[END_REF] . Therefore, we were not able to determine whether there was a potential difference in perioperative mortality between groups (Table 3).

Six studies reported postoperative morbidity [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] (Table 3). Significant differences in the rates of technical complications or major infections were not observed between the 2 groups. Two studies [START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] reported a significantly lower rate of acute rejection in the elderly group, whereas a significant difference in this variable was not identified in seven studies [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] .

Three studies [START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] reported neuropsychiatric postoperative complications. Only one [START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF] reported a significantly higher rate of neurological complications in the elderly group. The remaining two studies did not report any difference between the two groups [START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] .

Meta-analysis

Patient mortality

Seven studies compared patient survival using 65 years as the age cut-off [START_REF] Felga | Liver transplantation for unresectable hepatocellular carcinoma in elderly patients: what to expect[END_REF][START_REF] Kim | Increasing age and survival after orthotopic liver transplantation for patients with hepatocellular cancer[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] .

According to the results of the meta-analysis, patient mortality was not significantly different between the groups at the maximum follow-up interval (HR: 1.26; 95% CI: 0.97-1.63; P = 0.09; I 2 = 48%). Other studies [START_REF] Ioannidis | An exploratory test for an excess of significant findings[END_REF][START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF] used different cut-off values and did not show differences (Figure 2).

Graft loss

Three studies compared graft survival in patients < 65 years old with that in patients ≥ 65 years old [START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Kemmer | Liver transplantation trends for older recipients: regional and ethnic variations[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] . None clearly defined how graft survival was calculated. In the meta-analysis, graft loss was not significantly different between groups at the maximum follow-up interval (HR: 1.09; 95% CI: 0.81-1.47; P = 0.59; I 2 = 12%). Other studies with different cut-off values did not show any difference in graft survival (Figure 3).

DISCUSSION

The present systematic review and first meta-analysis of LT in the elderly yielded several main key points: i) The number of liver transplantations for the elderly increased exponentially during recent decades. ii) The cut-off age limit for recipients of LT increased from 50 to ~65 years, despite all successive consensus since 1993 and guideline reports that regularly stated that the chronological age per se should not be used as a contraindication and that physiological age should be favored over chronological age. iii) LT in elderly and young patients achieves similar short-term outcomes. iv) Long-term outcomes of LT in the elderly were not different from those in younger recipients in the meta-analysis, whereas increases in the survival rate might be comparable (however, because confidence intervals were large, the lack of evidence cannot be considered equivalent to the absence of a difference). v) The level of evidence in the studied setting is poor and the limited data available hampered the metaanalysis of several important variables.

We were not able to clarify the selection of older candidates for LT. However, several studies stressed the importance of a preoperative evaluation of cardiovascular comorbidities, [START_REF] Lentine | Cardiac disease evaluation and management among kidney and liver transplantation candidates: a scientific statement from the American Heart Association and the American College of Cardiology Foundation[END_REF][START_REF] Donovan | Perioperative cardiovascular evaluation for orthotopic liver transplantation[END_REF][START_REF] Plotkin | Morbidity and mortality in patients with coronary artery disease undergoing orthotopic liver transplantation[END_REF] because cardiovascular events, which occur in up to 41% of LT recipients, [START_REF] Konerman | Incidence of and risk assessment for adverse cardiovascular outcomes after liver transplantation: a systematic review[END_REF] remain the most common cause of death following liver transplantation in the elderly, with the highest rates occurring within 6 months of transplantation. A recently reported first meta-analysis of cardiovascular events following LT showed [START_REF] Konerman | Incidence of and risk assessment for adverse cardiovascular outcomes after liver transplantation: a systematic review[END_REF] that these events i) remain to be clearly defined, ii) have an increased incidence with incremental increases in age (effect size 1.02-1.17 per year) and the presence of an underlying cardiac disease (effect size 1.8-7.7), iii) are predicted with variable accuracy by dobutamine stress echography, and iv) are not accurately predicted by any of the models proposed to date.

The same poor level of evidence and confusion pertains to respiratory [START_REF] Feltracco | Early respiratory complications after liver transplantation[END_REF][START_REF] Levesque | Pulmonary complications after elective liver transplantation-incidence, risk factors, and outcome[END_REF] and neurological complications [START_REF] Feltracco | Neurological disorders in liver transplant candidates: pathophysiology and clinical assessment[END_REF] .

We suspect that the significantly higher rate of exclusion during the screening phase before listing patients ≥ 65 years compared to patients < 65 years, as reported by Montalti et al. [START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF] , is frequent.

The elderly group presented a significantly lower MELD score in half of the studies reporting this variable, reflecting the probable conservative selection of older patients. As a result of the MELD score allocation system, a program of "old to old", such as the one developed for kidney transplantation by the European Senior program, does not exist in the field of LT [START_REF] Frei | Prospective age-matching in elderly kidney transplant recipients--a 5-year analysis of the Eurotransplant Senior Program[END_REF] .

Perioperative death, technical complication and major infection rates were not different between younger and elderly groups. Again, a conservative selection bias of elderly recipients might be responsible for this counterintuitive result. None of the studies analyzed here provided a prediction model for postoperative death (futile transplantation).

Only 2/7 studies analyzing the incidence of acute rejection showed a significantly lower incidence in the elderly group, [START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF][START_REF] Bilbao | Our experience in liver transplantation in patients over 65 yr of age[END_REF] whereas 5 did not [START_REF] Abdelfattah | Reappraisal of upper age limit for adult living-donor liver transplantation using right lobe grafts: an outcome analysis[END_REF][START_REF] Slattery | It's a man's world: does orthotopic liver transplantation in the elderly male confer an additional risk on survival?[END_REF][START_REF] Audet | Liver transplantation in recipients over 65 yr old: a single center experience[END_REF][START_REF] Montalti | Liver transplantation in patients aged 65 and over: a case-control study[END_REF][START_REF] Adani | Elderly versus young liver transplant recipients: patient and graft survival[END_REF][START_REF] Aduen | Outcomes after liver transplant in patients aged 70 years or older compared with those younger than 60 years[END_REF][START_REF] Cross | Liver transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival[END_REF] . In the United Network for Organ Sharing database, Tullius and Milford 50 observed a steady decrease in acute rejection with increasing recipient age. Due to immunosenescence effects it has been hypothesized that rejection rates appear less frequent in older recipients. The aging process imposes a threat to diversity, because thymic function deteriorates and it appears to play a critical role for compromised adaptive immune responses, although precise mechanisms remain unclear [START_REF] Naylor | The influence of age on T cell generation and TCR diversity[END_REF][START_REF] Krenzien | A Rationale for Age-Adapted Immunosuppression in Organ Transplantation[END_REF] .

The only conclusion of the meta-analysis was that patient and graft survival rates were not significantly different between elderly and younger recipients. Further studies are needed to confirm these a priori counterintuitive results.

Strengths and limitations

To the authors' knowledge, this study represents the first meta-analysis comparing survival following LT between elderly and young transplant recipients. This review was performed by two observers who independently selected studies and extracted data using a formal systematic review methodology according to the PRISMA guidelines.

This study has inherent limitations. First, selection bias may explain the results of this metaanalysis. In particular, a lower MELD score was observed for elderly patients than younger patients, which appeared to compensate for the increased incidence of comorbidities and diabetes. Second, some publication bias may exist. Some studies indicating clearly lower survival rates in elderly patients may not have been submitted for publication. Third, a standardized definition of graft loss is not available. In particular, were people who died with a functioning graft considered to have graft loss? Fourth, we acknowledge that the present meta-analysis is based on a limited number of studies with some ambiguity in the definition of elderly patients. In addition, the limited availability of data for the elderly population hampered the meta-analysis of several important variables, such as waitlist outcomes and post-LT morbidity and mortality.

Future research

The following issues remain to be addressed in the field of LT in the elderly: the prognostic value of frailty [START_REF] Hamaker | Frailty screening methods for predicting outcome of a comprehensive geriatric assessment in elderly patients with cancer: a systematic review[END_REF] , methods to improve the acknowledged failure-to-rescue [START_REF] Ghaferi | Importance of teamwork, communication and culture on failure-to-rescue in the elderly[END_REF] , the specific refinements of available expert guidance for long-term survivors [START_REF] Neuberger | Practical recommendations for long-term management of modifiable risks in kidney and liver transplant recipients: a guidance report and clinical checklist by the Consensus on Managing Modifiable Risk in Transplantation (COMMIT) Group[END_REF] , specifically in terms of cardiovascular events, immunosuppression in the setting of frequent polypharmacy [START_REF] Spieker | Successful liver transplantation with continued dual antiplatelet therapy[END_REF] , functional [START_REF] Wang | A comparison of muscle function, mass, and quality in liver transplant candidates: results from the functional assessment in liver transplantation study[END_REF] and cognitive impairment [START_REF] Halpern | Allocating organs to cognitively impaired patients[END_REF] , and, obviously, quality of life [START_REF] Werkgartner | Long-term quality of life of liver transplant recipients beyond 60 years of age[END_REF] . Additionally, the concept of a cure, i.e., when the mortality of patients treated for a specific disease returns to the same level as the general population [START_REF] Othus | Cure models as a useful statistical tool for analyzing survival[END_REF] , remains to be applied to this subset of patients.

CONCLUSIONS

In conclusion, although some articles reported a worse long-term survival rate in elderly patients, the present meta-analysis does not confirm this finding. Advanced age alone should not exclude a patient from LT. Careful preoperative screening, particularly for cardiovascular disease, and meticulous and adapted follow-up monitoring are mandatory. Su F, UNOS 7,22,24,26,27,29,30,32,36,37,39,41* 1. 14 
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 23 Figure 2. This analysis includes studies where overall survival in Elderly patients with liver transplantation (LT) were compared to Young patients.

  

Table 1 : Baseline characteristics in Young and Elderly groups

 1 Abbreviations: nr= not reported; s= significant (p-value < 0.05); ns= not significant (p-value > 0.05). * Patients were grouped by recipient age: 18 to 49, 50 to 59, 60 to 64, 65 to 69 and ≥ 70 years. ** Patients were grouped by recipient age: 18 to 59, 60 to 64 and > 65 years.

	Year	1 st author,	Age (yr)		Male sex (%)			Co-morbidities:		Donor Age
		Country												
									1.	Diabetes Mellitus			
									2.	Cardiovascular disease			
									3.	Kidney disease			
			Younger	Elderly	P value	Younger	Elderly	P value	Younger	Elderly	P value	Younger	Elderly	P value
			Group	group		Group	group			Group	group		Group	group
	2016	Su F,	18-64	>65	nr	63-71%	74-77%	nr	1. 14-32%	1. 32-34%	s	39.4±16.4	43.7±17.8	s
		UNOS 7,22,24,26,27,29,30,32,36,37,39,41*							2. nr	2. nr	ns	42.3 ±17.2	46.3±18.6
									3. 11-12%	3. 7-10%	s		
	2015	Abdelfattah MR, Egypt 21	60-64	>65	nr	70%	80%	ns	1. 53.3%	1. 60%	ns	nr	nr	ns
									2. 3.4%	2. 0%	ns		
									3. 16.7%	3. 24%	ns		
	2015	Oezcelik A, Turkey 23	45-58	>70	s	nr	50%	nr		nr	nr	nr	33 (26-40)	40 (31-44)	nr
	2014	Felga G, Brazil 25	55.1 ± 6.7	68.5 ± 2.9	s	83.7%	67.6%	s		nr	nr	nr	nr	nr	nr
	2014	Ikegami T, Japan 28	49.8 ±11.2	67.0 ±2.2	s	48.5%	32.6%	s	1. 17.3%	1. 21.7%	ns	38.0 ± 4.7	36.3 ±11.8	nr
									2. nr	2. nr	nr		
									3. nr	3. nr	nr		
	2012	Slattery E,Ireland 31	18-≤65	>65	nr	nr	nr	nr		nr	nr	nr	nr	nr	nr
	2010	Audet M, France 33	48 (18-65)	67.8 (66-72)	ns	71.9%	61.7%	ns	1. 15.6%	1. 11.7%	ns	44 ± 13	52.5 ±16.7	ns
									2. 12%	2. 50%	s		
									3. 9.1%	3. 11.7%	ns		
	2010	Montalti R, ITA 34	53.5 ± 6.9	65.8 ± 1.2	s	90.3%	83.9%	ns		nr	nr	nr	56 ± 18.4	57 ± 18.4	ns

Table 2 : Indications for transplantation in Young and Elderly groups Year 1 st author, Country

 2 

		Liver disease:		MELD Score
	1.	HCC				
	2.	Viral hepatitis			
	3.	Alcohol related			
	Younger	Elderly	P value	Younger	Elderly	value
		Group	group		Group	group
	2016					

Table 3 : Postoperative complications in Young and Elderly groups

 3 -Abbreviations: nr= not reported; s= significant (p-value < 0.05); ns= not significant (p-value > 0.05). * Patients were grouped by recipient age: 18 to 49, 50 to 59, 60 to 64, 65 to 69 and ≥ 70 years. ** Patients were grouped by recipient age: 18 to 59, 60 to 64 and > 65 years.

			-40%					
			2. 41-58%					
			3. 13-15%					
				1. 17.5%	nr	15	14	nr
				2. 2.5%	nr			
				3. 12.5%	nr			
	2010	Audet M, France 33	nr	nr	nr	18.1	14.9	ns
						(12-32)	(12-29)	
	2010	Montalti R, ITA 34	1. 51.6%	1. 51.6%	ns	17.9 ± 8.1	17.1 ± 7.3	ns
			2. 80.6%	2. 80.6%	ns			
			3. 6.5%	3. 6.5%	ns			

Ikegami T, Japan[START_REF] Ikegami | Clinical outcomes of living donor liver transplantation for patients 65 years old or older with preserved performance status[END_REF] 1. 1.9% 2. 2.2% 3. nr
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