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ABSTRACT

Background and Aims

Elderly recipients are frequently discussed by the scientific community but objective indication
for this parameter has been provided.

Aim

Synthesize the available evidence on liver transplantation for elderly patients to assess graft and
patient survival.

Methods

A literature search of the Medline, EMBASE, and Scopus databases was carried out from
January 2000 to August 2018. Clinical studies comparing the outcomes of liver transplantation
in adult younger (< 65 years) and elderly (> 65 years) populations were analyzed. The primary
outcomes were patient mortality and graft loss rates. This review was registered (Number
CRD42017058261) as required in the international prospective register for systematic review
protocols (PROSPERO).

Results

Twenty-two studies were included involving a total of 242,487 patients (elderly: 23,660 and
young: 218,827) were included in this study. In the meta-analysis, the elderly group had patient
mortality (hazard ratio [HR]: 1.26; 95% confidence interval [CI]: 0.97-1.63; P = 0.09; 1> = 48%)
and graft (HR: 1.09; 95% CI: 0.81-1.47; P = 0.59; I> = 12%) loss rates comparable to those in
the young group.

Conclusions

Elderly patients have similar long-term survival and graft loss rates as young patients. Liver

transplantation is an acceptable and safe curative option for elderly transplant candidates.
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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.??
Therefore, surgeons are performing surgical procedures on an increasing number of elderly
patients,* including organ transplantations.>® 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.” 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.®

In the early years of LT, the upper age limit for its indication was 45-55 years.® 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.***3

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
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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!* 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)*>® 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. The literature
analysis was restricted to articles published between 2000 and 2018 and was not limited by
publication language. The literature search was performed through the online databases
MEDLINE (through PubMed), EMBASE, Scopus, Google Scholar, Cochrane Hepatobiliary
Group Specialized Register, and ProQuest Dissertations and Thesis Database. To increase the
probability of identifying relevant articles, a specific search strategy was formulated for each
database using the following keywords and/or MeSH terms with equivalent free text: liver
transplantation, orthotopic liver transplantation, liver transplant, elderly, advanced age, and/or
recipient age.

In addition, reference lists from eligible studies and relevant review articles (not included in the
systematic review) were crosschecked to identify additional studies. The literature review was
carried out in articles published from January 2000 to April 2018 because after 2000
publications about liver transplantation in elderly patients increased. Two reviewers (FE and
CG) independently screened the titles and abstracts of the retrieved studies for relevance.
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?’ 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 (Cls) 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
12 statistic. When the data were heterogeneous, a meta-analysis was performed using the
random-effects model.®*° An I? 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®.



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”?*** 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,?224262129.3237 two were comparative series,*®*! and the remaining 12 were all
single-center retrospective reviews of a cohort of adult deceased-donor LT25:3133-3638-40 g1 |jving
donor LT?2328 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’-?1-2%31-33.37-40 \yere

considered low quality, and the remaining 5 studies®*3+3%41 had a very low quality of evidence.

Systematic review



Definition of elderly

Elderly was defined as a recipient age > 63 years in one study,®® > 65 years in thirteen
StUdies,7’21’22’24’25’27’28’31’33’34’37’38’40 > 70 years in seven StUdies,23’26'29’32’36’39’41 and > 75 years in
one study*® (Table 1). The oldest reported recipient was 80 years old® .

Young recipients were defined as < 70 years in six studies,?2629323941 < 65 years in thirteen

studies,’212224252728,31,33,3437.3840 < 60 years in two studies,*>* and < 40 years in one study®.

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?®3 reported a statistically significant higher
prevalence of these comorbidities in the elderly, whereas 3 studies?:*®3¢ did not report any
evidence of difference in the comorbidities between age groups. This comparison was not
performed in the remaining studies’-22-2>27-32,34,35,37.39-41

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”? reported a significantly higher prevalence of diabetes in
the elderly group, whereas six studies?2628:333638 djd not report any difference in the
prevalence of diabetes mellitus. This comparison was not reported in the remaining studies®*
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,??6333638 and a significantly higher prevalence of chronic
hemodialysis in the young recipients in another study’. The comparison was not reported in the

remaini ng studi e522—25,27—32,34,35,37,39—41

Indications for transplantation

Twenty studies reported the indications for LT2-313441 (Taple 2).
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Hepatocellular carcinoma was the most common indication for LT in the elderly in 4
studies’?6:2838 and was significantly more frequently observed in elderly patients than in young
patients in these studies. Three studies?***° 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’?6:272%40 and was significantly more frequently observed in young patients than in
elderly patients in these 5 studies. Two studies?®® showed a higher frequency of viral hepatitis
in the elderly group. Three studies??>** 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’?426:3
reported a significantly higher incidence of alcohol-related liver disease in younger patients.
Three studies®>3*4° 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’-?1-2527-31.33-36.38.40 (Tgple
2).

In 5 studies,”?"283940 the elderly group displayed a significantly lower MELD score, but a
difference was not observed in 6 studies?!:322531:3334 This comparison was not reported in the

remaini ng StudieSZZ,24,26,29,30,32,35—38,41

Waitlist outcomes

Only two studies reported waitlist outcomes,”3* including dropout and death. Su et al.” reported

a significantly higher risk of dropout from the waiting list and subsequent death before LT in

11



the older candidate group. Montalti et al.>* 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’+2328:30,33.3436:38-40 compared the donor age between the two groups. Only one study’
showed a significantly higher donor age in the elderly group; the remaining 9 did not show any
significant difference?328:30333436.38-40 (Tgple 1).

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

Short-term outcomes

Perioperative deaths were reported in 5 studies;?333384041 jn 3233340 3 significant difference
was not detected between the two groups, and in the remaining studies, mortality was reported
in only one of the groups®+t. 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?123.33343638 (Taple 3). Significant differences in
the rates of technical complications or major infections were not observed between the 2 groups.
Two studies?®3® 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?!-3133-3640,
Three studies?®3** reported neuropsychiatric postoperative complications. Only one?® 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 3428

Meta-analysis
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Patient mortality

Seven studies compared patient survival using 65 years as the age cut-off?>27:2840

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;
12 = 48%). Other studies?®?8333* ysed 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
0ld?374° 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% ClI: 0.81-1.47; P = 0.59; 1> = 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
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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 meta-analysis 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,*>44
because cardiovascular events, which occur in up to 41% of LT recipients,* 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® 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*®4’ and neurological
complications®,

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.®*, 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
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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*°.
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,?®3 whereas 5 did not?:3133-3640 |n the United Network for
Organ Sharing database, Tullius and Milford> 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®2,
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 meta-
analysis. 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
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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®®, methods to improve the acknowledged failure-to-rescue®, the specific
refinements of available expert guidance for long-term survivors®, specifically in terms of
cardiovascular events, immunosuppression in the setting of frequent polypharmacy®®,
functional®” and cognitive impairment®®, and, obviously, quality of life>®. 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® | 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.
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Supporting information

Figure legends

S1 Fig. Flow chart of study search, selection, and inclusion. Search strategy for PubMed:
(((Liver transplantation [Title/Abstract]) OR orthotopic liver transplantation [Title/Abstract])
OR Liver transplant [Title/Abstract]) AND Humans [Mesh] AND English [lang] AND adult
[MeSH]) AND elderly [Title/Abstract]) OR elderly patient [Title/Abstract]) OR older
[Title/Abstract]) OR older patient [Title/Abstract]) OR advanced age [Title/Abstract]) OR
patients aged [Title/Abstract]) OR recipient age [Title/Abstract]).

S2 Fig. Forest plots describing the result of the meta-analysis comparing patient survival
in elderly and young transplant recipients.

S3 Fig. Forest plots describing the result of the meta-analysis comparing graft survival

in elderly and young transplant recipients.
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Tables Legends
S1 Table. Baseline characteristics in Young and Elderly groups
S2 Table. Indications for transplantation in Young and Elderly groups

S3 Table. Postoperative complications in Young and Elderly groups

Acknowledgements: The authors thank Cyrille Feray, Ph.D. for reviewing the manuscript

18



REFERENCES

[1]

[2]

3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Department of Economic and Social Affairs of the United Nations. World population
prospects: the 2015 revision.

Centers for Disease Control. Healthy people 2010: general data issues.

Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life expectancy
in 35 industrialised countries: projections with a Bayesian model ensemble. Lancet
2017;389:1323-1335.

Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative outcomes in older
surgical patients: a systematic review. BMC Geriatr 2016;16:157.

Burra P, De Martin E, Gitto S, Villa E. Influence of age and gender before and after
liver transplantation. Liver Transpl 2013;19:122-134.

Sutherland Al, Jzermans JNI, Forsythe JL, Dor FJ. Kidney and liver transplantation in
the elderly. Br J Surg 2016;103:e62-72.

SuF, Yu L, Berry K, Liou IW, Landis CS, Rayhill SC, et al. Aging of liver transplant
registrants and recipients: trends and impact on waitlist outcomes, post-transplantation
outcomes, and transplant-related survival benefit. Gastroenterology 2016;150:441-453
e446; quiz e416.

Tajiri K, Shimizu Y. Liver physiology and liver diseases in the elderly. World J
Gastroenterol 2013;19:8459-8467.

Shaw BW, Jr. Transplantation in the elderly patient. Surg Clin North Am 1994;74:389-
400.

Calne R. Contraindications to liver transplantation. Hepatology 1994;20:3S-4S.
Murray KF, Carithers RL, Jr., Aasld. AASLD practice guidelines: evaluation of the

patient for liver transplantation. Hepatology 2005;41:1407-1432.

19



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Martin P, DiMartini A, Feng S, Brown R, Jr., Fallon M. 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. Hepatology
2014;59:1144-1165.

European Association for the Study of the Liver. EASL Clinical Practice Guidelines:
liver transplantation. J Hepatol 2016;64:433-485.

Moher D, Liberati A, Tetzlaff J, Altman DG, Prisma Group. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol
2009;62:1006-1012.

Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The well-built clinical
question: a key to evidence-based decisions. ACP J Club 1995;123:A12-13.

Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO framework
to improve searching PubMed for clinical questions. BMC Med Inform Decis Mak
2007;7:16.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ 2008;336:924-926.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ
2011;343:d5928.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-

analyses. BMJ 2003;327:557-560.

loannidis JP1, Trikalinos TA. An exploratory test for an excess of significant findings.

Clin Trials. 2007;4(3):245-53.

20


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ioannidis%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=17715249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trikalinos%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=17715249
https://www.ncbi.nlm.nih.gov/pubmed/17715249

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Abdelfattah MR, Elsiesy H. Reappraisal of upper age limit for adult living-donor liver
transplantation using right lobe grafts: an outcome analysis. Eur J Gastroenterol Hepatol
2015;27:593-599.

Sharpton SR, Feng S, Hameed B, Yao F, Lai JC. Combined effects of recipient age and
model for end-stage liver disease score on liver transplantation outcomes.
Transplantation 2014;98:557-562.

Oezcelik A, Dayangac M, Guler N, Yaprak O, Erdogan Y, Akyildiz M, et al. Living
donor liver transplantation in patients 70 years or older. Transplantation 2015;99:1436-
1440.

Malinis MF, Chen S, Allore HG, Quagliarello VJ. Outcomes among older adult liver
transplantation recipients in the model of end stage liver disease (MELD) era. Ann
Transplant 2014;19:478-487.

Felga G, Silva Evangelista A, Rogerio de Oliveira Salvalaggio P, Bruno de Rezende M,
Dias de Almeida M. Liver transplantation for unresectable hepatocellular carcinoma in
elderly patients: what to expect. Transplant Proc 2014;46:1764-1767.

Wilson GC, Quillin RC, 3rd, Wima K, Sutton JM, Hoehn RS, Hanseman DJ, et al. Is
liver transplantation safe and effective in elderly (>/=70 years) recipients? A case-
controlled analysis. HPB (Oxford) 2014;16:1088-1094.

Kim J, Ko ME, Nelson RA, Arrington A, Luu C, Falor AE, et al. Increasing age and
survival after orthotopic liver transplantation for patients with hepatocellular cancer. J
Am Coll Surg 2014;218:431-438.

Ikegami T, Bekki Y, Imai D, Yoshizumi T, Ninomiya M, Hayashi H, et al. Clinical
outcomes of living donor liver transplantation for patients 65 years old or older with

preserved performance status. Liver Transpl 2014;20:408-415.

21



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Schwartz JJ, Pappas L, Thiesset HF, Vargas G, Sorensen JB, Kim RD, et al. Liver
transplantation in septuagenarians receiving model for end-stage liver disease exception
points for hepatocellular carcinoma: the national experience. Liver Transpl
2012;18:423-433.

Taner CB, Ung RL, Rosser BG, Aranda-Michel J. Age is not a contraindication for
orthotopic liver transplantation: a single institution experience with recipients older than
75 years. Hepatol Int 2012;6:403-407.

Slattery E, Hegarty JE, McCormick PA. It's a man's world: does orthotopic liver
transplantation in the elderly male confer an additional risk on survival? Can J
Gastroenterol 2012;26:697-700.

Aloia TA, Knight R, Gaber AO, Ghobrial RM, Goss JA. 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.
Liver Transpl 2010;16:950-959.

Audet M, Piardi T, Panaro F, Cag M, Ghislotti E, Habibeh H, et al. Liver transplantation
in recipients over 65 yr old: a single center experience. Clin Transplant 2010;24:84-90.
Montalti R, Rompianesi G, Di Benedetto F, Ballarin R, Gerring RC, Busani S, et al.
Liver transplantation in patients aged 65 and over: a case-control study. Clin Transplant
2010;24:E188-193.

Adani GL, Baccarani U, Lorenzin D, Rossetto A, Nicolini D, Vecchi A, et al. Elderly
versus young liver transplant recipients: patient and graft survival. Transplant Proc
2009;41:1293-1294.

Aduen JF, Sujay B, Dickson RC, Heckman MG, Hewitt WR, Stapelfeldt WH, et al.
Outcomes after liver transplant in patients aged 70 years or older compared with those

younger than 60 years. Mayo Clin Proc 2009;84:973-978.

22



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Kemmer N, Safdar K, Kaiser TE, Zacharias V, Neff GW. Liver transplantation trends
for older recipients: regional and ethnic variations. Transplantation 2008;86:104-107.
Bilbao I, Dopazo C, Lazaro JL, Castells L, Escartin A, Lopez I, et al. Our experience in
liver transplantation in patients over 65 yr of age. Clin Transplant 2008;22:82-88.
Lipshutz GS, Hiatt J, Ghobrial RM, Farmer DG, Martinez MM, Yersiz H, et al.
Outcome of liver transplantation in septuagenarians: a single-center experience. Arch
Surg 2007;142:775-781; discussion 781-774.

Cross TJ, Antoniades CG, Muiesan P, Al-Chalabi T, Aluvihare V, Agarwal K, et al.
Liver transplantation in patients over 60 and 65 years: an evaluation of long-term
outcomes and survival. Liver Transpl 2007;13:1382-1388.

Safdar K, Neff GW, Montalbano M, Meyer D, O'Brien C, Yamashiki N, et al. Liver
transplant for the septuagenarians: importance of patient selection. Transplant Proc
2004;36:1445-1448.

Lentine KL, Costa SP, Weir MR, Robb JF, Fleisher LA, Kasiske BL, et al. 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. J Am Coll Cardiol 2012;60:434-480.

Donovan RJ, Choi C, Ali A, Heuman DM, Fuchs M, Bavry AA, et al. Perioperative
cardiovascular evaluation for orthotopic liver transplantation. Dig Dis Sci 2017;62:26-
34.

Plotkin JS, Scott VL, Pinna A, Dobsch BP, De Wolf AM, Kang Y. Morbidity and
mortality in patients with coronary artery disease undergoing orthotopic liver

transplantation. Liver Transpl Surg 1996;2:426-430.

23



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Konerman MA, Fritze D, Weinberg RL, Sonnenday CJ, Sharma P. Incidence of and risk
assessment for adverse cardiovascular outcomes after liver transplantation: a systematic
review. Transplantation 2017;101:1645-1657.

Feltracco P, Carollo C, Barbieri S, Pettenuzzo T, Ori C. Early respiratory complications
after liver transplantation. World J Gastroenterol 2013;19:9271-9281.

Levesque E, Hoti E, Azoulay D, Honore 1, Guignard B, Vibert E, et al. Pulmonary
complications after elective liver transplantation-incidence, risk factors, and outcome.
Transplantation 2012;94:532-538.

Feltracco P, Cagnin A, Carollo C, Barbieri S, Ori C. Neurological disorders in liver
transplant candidates: pathophysiology and clinical assessment. Transplant Rev
(Orlando) 2017;31:193-206.

Frei U, Noeldeke J, Machold-Fabrizii V, Arbogast H, Margreiter R, Fricke L, et al.
Prospective age-matching in elderly kidney transplant recipients--a 5-year analysis of
the Eurotransplant Senior Program. Am J Transplant 2008;8:50-57.

Tullius SG, Milford E. Kidney allocation and the aging immune response. N Engl J Med
2011;364:1369-1370.

Naylor K, Li G, Vallejo AN, Lee WW, Koetz K, Bryl E et al. The influence of age on

T cell generation and TCR diversity. J Immunol. 2005 Jun 1;174(11):7446-52.

Krenzien F, EIKhal A, Quante M, Rodriguez Cetina Biefer H, Hirofumi U, Gabardi S
et al. A Rationale for Age-Adapted Immunosuppression in Organ Transplantation.
Transplantation. 2015 Nov;99(11):2258-68.

Hamaker ME, Jonker JM, de Rooij SE, Vos AG, Smorenburg CH, van Munster BC.
Frailty screening methods for predicting outcome of a comprehensive geriatric
assessment in elderly patients with cancer: a systematic review. Lancet Oncol

2012;13:e437-444.

24


https://www.ncbi.nlm.nih.gov/pubmed/?term=26244716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gabardi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26244716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krenzien%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26244716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quante%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26244716
https://www.ncbi.nlm.nih.gov/pubmed/?term=ElKhal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26244716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirofumi%20U%5BAuthor%5D&cauthor=true&cauthor_uid=26244716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naylor%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15905594
https://www.ncbi.nlm.nih.gov/pubmed/15905594
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=15905594
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15905594
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallejo%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=15905594
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koetz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15905594
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryl%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15905594
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20Cetina%20Biefer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26244716

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Ghaferi AA, Dimick JB. Importance of teamwork, communication and culture on
failure-to-rescue in the elderly. Br J Surg 2016;103:e47-51.

Neuberger JM, Bechstein WO, Kuypers DR, Burra P, Citterio F, De Geest S, et al.
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. Transplantation
2017;101:S1-S56.

Spieker H, Benckert C, Quante M, Thelen A, Gaebelein G, Kaisers U, et al. Successful
liver transplantation with continued dual antiplatelet therapy. Ann Transplant
2012;17:127-130.

Wang CW, Feng S, Covinsky KE, Hayssen H, Zhou LQ, Yeh BM, et al. A comparison
of muscle function, mass, and quality in liver transplant candidates: results from the
functional assessment in liver transplantation study. Transplantation 2016;100:1692-
1698.

Halpern SD, Goldberg D. Allocating organs to cognitively impaired patients. N Engl J
Med 2017;376:299-301.

Werkgartner G, Wagner D, Manhal S, Fahrleitner-Pammer A, Mischinger HJ, Wagner
M, et al. Long-term quality of life of liver transplant recipients beyond 60 years of age.
Age (Dordr) 2013;35:2485-2492.

Othus M, Barlogie B, Leblanc ML, Crowley JJ. Cure models as a useful statistical tool

for analyzing survival. Clin Cancer Res 2012;18:3731-3736.

25



PRISMA 2009 Forest Plot

)
c
.g Records identified through Additional records identified
_g database searching through other sources
b= (n=814) (n=14)
c
o
S
~—/
)
v v
V) ) Records excluded
g Records screened on title and abstract (n =774)
g (n =_822) _ ™ - Non pertinent to the
S after removing duplicates review question (n =774)
~—/
)
Full-text articles excluded,
- ¥ with reasons
= Records screened on full-text (n=29)
o (n=48) —» - Non pertinent studies
%" (n=21)
- Review, letters
comments (n =8)
) Pertinent cross-check
references analysis >
(n=3)
A\ 4
§ Studies included in qualitative synthesis
3 (n=22)
(8]
=




Table 1: Baseline characteristics in Young and Elderly groups

Year 1%t 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 SuF, 18-64 >65 nr 63-71% T4-T7% nr 1. 14-32% 1. 32-34% s 39.4+16.4  43.7+¥17.8 s
UNOS722242627,29,30,32,36,37.39.41* 2. nr 2. nr ns 42.3 +17.2 46.3+18.6
3. 11-12% 3. 7-10% S
2015  Abdelfattah MR, Egypt?* 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? 45-58 >70 S nr 50% nr nr nr nr 33 (26-40) 40 (31-44) nr
2014  Felga G, Brazil® 55.1+6.7 68.5+ 2.9 s 83.7% 67.6% s nr nr nr nr nr nr
2014  lkegami T, Japan?® 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® 18-<65 >65 nr nr nr nr nr nr nr nr nr nr
2010  Audet M, France® 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%* 53.5+6.9 65.8+1.2 S 90.3% 83.9% ns nr nr nr 56 + 184 57 +18.4 ns




2008  Bilbao I, SPA® <65 >65 67% 67% ns . 22% . 25% ns 47 £18 44 + 18 ns
2. 15% 2. 19% ns
3. 20% 3. 1% ns

- 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.



Table 2: Indications for transplantation in Young and Elderly groups

Year 15t author, Liver disease: MELD Score
Country
1. HCC
2. Viral hepatitis
3. Alcohol related

Younger Elderly P value Younger Elderly P value
Group group Group group
2016 SuF, 1. 14-40% 1 42-51% s 20.3+10- 18.4+9.6 S
UNOS 2aszsziasmasama 2 41-58% 2. 35% s 23.9+10.7  19.8 +10

3. 13-15% 3 13-15% s

2015  Abdelfattan MR, Egypt?* 1. 49% 1. 48% ns 148456 14.1+6.9 ns
2. 70% 2 76% ns
3. nr 3 nr nr

2015  Oezcelik A, Turkey?® 1. nr 1. nr nr 16(12-20) 13(11-17) ns
2. 57% 2. 58% nr
3. 14% 3. 8% nr

2014  Felga G, Brazil® 1. 100% 1. 100% ns 13.1+46 121+54 ns
2. 80.1% 2 70.2% ns
3. 12.1% 3 16.2% ns

2014  lkegami T, Japan?® 1. 37.8% 1. 761% s 175+7.2 148+4.9 s
2. 37% 2 71.7% S
3. nr 3. nr nr

2012  Slattery E,Ireland®! 1. 13.9% 1. 17.5% nr 15 14 nr
2. 13.9% 2 2.5% nr
3. 18.6% 3 12.5% nr

2010  Audet M, France® nr nr nr 18.1 14.9 ns

(12-32) (12-29)

2010 Montalti R, ITA%* 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

2009 Adani GL, ITA%® 1. 21.8% 1. 33.3% nr 12 12 nr
2. 312% 2. 357% nr (5-36) (6-29)
3. 3.1% 3. 19% nr

2008  Bilbao I, SPA® 1. 33% 1. 55% s nr nr nr
2. 49% 2. T72% s
3. 31% 3. 1% S

2007 Cross TJS, GB*™ 1. 7-11% 1. 26% ns 15.79+7.2 12.2+5.1 S
2. 18-22% 2. % S 16.49+7.6
3. 13-15% 3. 12% ns

- 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 2 70 years.
** Patients were grouped by recipient age: 18 to 59, 60 to 64 and > 65 years.



Table 3: Postoperative complications in Young and Elderly groups

Year 1%t author, Vascular Biliary Major infection
Country
1. Hepatic artery thrombosis 1. Anastomotic leak
2. Portal vein thrombosis 2.  Anastomotic stricture
3. Total 3. Total
Younger Elderly P value Younger Elderly P value Younger Elderly P value
Group group Group group Group group
2016 SuF, nr nr nr nr nr nr nr nr nr
UNOS7,22,24,26,27,29,30,32,36,37,39,41’
2015  Abdelfattan MR, Egypt?* 1. 3.3% 1. 8% ns 1. 0% 1. 4.3% ns 20% 20% ns
2. 6.7% 2. 0% ns 2. 18.5% 2. 17.4% ns
3. 16.7% 3. 8% ns 3. nr 3. nr nr
2015  Oezcelik A, Turkey? nr nr nr nr nr nr nr 16% nr
2014  Felga G, Brazil® nr nr nr nr nr nr nr nr nr
2014  lkegami T, Japan?® 1. 1.9% 1. 0% ns 1. onr 1. nr nr 13.4% 4.3% s
2. 22% 2. 0% ns 2. 18.9% 2. 28.3% ns
3. nr 3. nr nr 3. nr 3. nr nr
2012  Slattery E,lreland®! nr nr nr nr nr nr nr nr nr
2010  Audet M, France® 1. 6.1% 1. 88 ns 1. 2.7% 1. 58% ns 8.3% 8.8% ns
2. 27% 2. 5.8% ns 2. 55% 2. 58% ns
3. nr 3. nr nr 3. nr 3. nr nr
2010  Montalti R, ITA3 1. 0% 1. 6.5 ns 1. 0% 1. 6% ns 16.1% 9.7% ns
2. nr 2. nr nr 2. 22% 2. 25% ns
3. nr 3. nr nr 3. nr 3. nr nr




2008  Bilbao I, SPA®

3. nr 3. nr ns 3. % 3. 6% nr

- 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.



