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Abstract

Background—We evaluated liver transplantation waitlist and posttransplantation outcomes in
18-24 year olds compared to both younger (0-17 year old) and older (25-34 year old) registrants
and recipients.

Methods—Utilizing national data from the United Network for Organ Sharing, competing risk,
Cox regression and Kaplan-Meier analyses were performed on first-time liver transplant
registrants (n=13,979) and recipients (n=8,718) ages 0-34 years old between 2002 to 2015.

Results—Among nonStatus 1A registrants, both 0-17 and 25-34 year olds were less likely to
experience drop-out from the waiting list compared to 18-24 year olds (adjusted hazard ratio
[AHR] 0-5 year olds=0.36, 6-11=0.29, 12-17=0.48, 18-24=1.00, 25-34=0.82). Although there
was no difference in risk of graft failure across all age groups, both younger and older age groups
had significantly lower risk of posttransplant mortality compared to 18-24 year olds (AHR for 0-5
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year olds=0.53, 6-11=0.48, 12-17=0.70, 18-24=1.00, 25-34=0.77). This may be related to lower
likelihood of re-transplantation after graft failure in 18-24 year olds.

Conclusions—This national registry study demonstrates for the first time poorer waitlist and
postliver transplant outcomes in young adults ages 18—24 years at the time of listing and
transplantation compared to older and younger age groups. Given the potential survival benefit in
transplanting young adults and the shortage of solid organs for transplant, future studies are
critical to identify and target modifiable risk factors to improve waitlist and long-term
posttransplant outcomes in 18-24 year old registrants and recipients.

INTRODUCTION

Age-related differences in liver transplantation outcomes have previously been described in
children. In the pediatric population, recipient age of 12—17 years old is an independent risk
factor for worse graft survival following liver transplantation when compared to children less
than 12 years old.12 Previous studies additionally describe young adult recipients of solid
organ transplantation as an “at-risk” group where immunosuppression nonadherence,
changes in insurance coverage and transition from parent-driven pediatric care to self-driven
adult care may lead to worse posttransplant outcomes.34

By contrast, a recent study suggests that elements beyond socio-behavioral risk factors may
be at play in young adults. Van Arendonk et al examined current recipient age to investigate
the idea of a high-risk age window that all pediatric transplant recipients must eventually
traverse on their path to adulthood and found no difference in liver graft failure rates
comparing recipients with current age of 17-24 years to older and younger age groups.®
Foster et al reported differing results, describing higher liver graft failure rates in recipients
with current age of 21-29 years. These studies conflict regarding the potential contribution
of age-related socio-behavioral risk factors to negative posttransplantation outcomes in
young adults. In our study, we examine age at the time of listing and liver transplantation,
rather than current age, at a juncture where potential interventions may significantly impact
waitlist outcomes and posttransplant graft and patient survival.

Differences also remain in the allocation of organs and use of exception scores between and
within pediatric and adult populations. While pediatric and adult registrants of the same
medical urgency receive equal priority for livers from adult donors, priority offers are given
first to local and regional pediatric registrants when donors are <17 years old.” Age-related
differences also exist in the utilization of nonstandard exception scores in children, where
younger children are more likely to be granted these exception scores compared to older
children, whereas in adults the majority of exception scores are standard exceptions for
hepatocellular carcinoma.8?

Based on previous work regarding socio-behavioral risk factors in young adults and in the
context of the existing allocation policy for liver transplant and use of exception scores, we
hypothesized that 18-24 year olds will have a lower use of exception scores, higher risk of
death or drop-out from the waitlist, higher rates of graft attrition and worse posttransplant
survival compared to both children (0-17 years) and older adults (25-34 years). We used
national waitlist and transplant data from the United Network for Organ Sharing (UNOS) to
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compare patients ages 18-24 years to both immediately older and younger age groups with
respect to: 1) Primary indications for liver transplantation; 2) Waitlist outcomes including
death, drop-out and transplantation and 3) Posttransplantation graft and patient survival.

MATERIALS AND METHODS

Data source and study population

We received data from UNQOS on all patients listed for liver transplantation (registrants) and
all patients who underwent transplantation (recipients) in the United States from February
27, 2002, the date of introduction of the Model for End-Stage Liver Disease (MELD)
allocation system, to March 31, 2015. We limited our study to first-time transplant
registrants (n=16,058) and transplant recipients (n=8,728) aged 0-34 years. We excluded
registrants who were listed for multi-organ transplants (n=2,070) or whose MELD score was
missing at the time of listing (n=9), leaving 13,979 transplant registrants in the current
analysis. We excluded multi-organ recipients (n=4) and recipients missing MELD score data
(n=6) at transplant, leaving 8,718 recipients in the current analysis. As inferior graft and
patient survival outcomes have been reported for both small-for-size syndrome and large-
for-size transplant, graft size mismatch was calculated based on previously described
formulas for both living and deceased donors.1%-12 This project was approved by the
Veterans Affairs Puget Sound Healthcare System Institutional Review Board.

Age categories

Liver transplant registrants and recipients were divided into 5 age groups based on age at the
time of listing or transplantation respectively: 0-5, 6-11, 12-17, 18-24 and 25-34 years
old.213 The 0-5 year age category was selected based on the Organ Procurement and
Transplantation Network (OPTN)/Scientific Registry of Transplant Recipients (SRTR)
annual data report.13 Additionally, twelve years of age comprises the inflection point when
pediatric patients are assigned a MELD, rather than a Pediatric End-Stage Liver Disease
(PELD) score. For the purposes of this study, it was critical to define a young adult
population. We therefore divided the 18-34 year old age category used in the OPTN/SRTR
annual data report and selected 24 years old as the upper age limit for this group based on
young adult renal transplantation studies and population-based studies, which identify 18-24
year olds as a high-risk age group in the general population.>:13-15

Modeling the association between age and waitlist outcomes

We used competing risks analysis to examine the association between age at listing (0-5, 6-
11, 12-17, 18-24 [the reference category] and 25-34) and the following 3 waitlist
competing outcomes: transplantation, death or drop-out from the waitlist.16 Drop-out was
defined as any removal from the waitlist except for registrants removed due to “condition
improved,” who were censored. Registrants were also censored if they were still alive and
awaiting transplantation by the end of the study period on March 31, 2015.17 The competing
risks models included the following registrant characteristics ascertained at the time of
listing: gender, race or ethnicity, underlying liver disease, ABO blood group, initial listing
year, listing PELD/MELD score, whether an exception score was granted (yes/no variable),
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serum albumin and insurance payer status. Additionally, UNOS region was included as a
covariate because the competing risks analysis software does not handle strata.

When comparing registrants with the same medical acuity, previous studies have noted
differences in waitlist mortality when further stratified by age, particularly when comparing
children and adults.18 We therefore performed clinically relevant sub-group analyses by
subdividing transplant registrants based on Status 1A or nonStatus 1A priority and by
MELD score <20 or 220. Gender inequities have previously been described in adult liver
transplant registrants, with females having higher waitlist mortality compared to males.1®
We therefore performed sub-group analyses by gender.

Modeling the association between age and posttransplantation graft and patient survival

Graft failure was defined as failure leading to either re-transplantation or resulting in
recipient death. Graft survival time was defined as time from initial transplantation until re-
transplantation, death or until March 31, 2015 for registrants who were still alive at the end
of the study period. Recipient survival time was measured as the number of days from liver
transplantation to the date of death; patients who were re-transplanted or were still alive at
the end of the study period were censored at that time.

We used a Cox proportional hazards regression model stratified by UNOS region to study
the association between age at transplantation and posttransplantation graft survival or
patient survival with and without adjusting for recipient and donor characteristics.
Additional sub-analyses examined differences in posttransplantation graft and patient
survival by gender and 1A Status. Recipient characteristics were the same as those used in
waitlist analyses listed above, except they were ascertained at the time of transplantation.
The following donor characteristics were included in our models: age, gender, race or
ethnicity, body mass index (BMI), ABO match, donor type (living or deceased), cause of
donor death, donation after circulatory death, donor organ type, cold ischemia time and
organ location (local, regional, national). Observations were stratified by UNOS region. The
assumption of proportional hazards was tested and met using weighted residual methods.

In addition to the proportional hazards analysis, we performed an ordered logistic regression
analysis among patients who experienced graft loss to determine whether age was associated
with graft failure (0-29 days)2° versus early graft loss (between 30-365 days) versus late
graft loss (>365 days).2! Logistic regression analysis was used to determine if there was an
association between age and re-transplantation after graft failure.

Analytical software

Stata MP version 14.1 (64-bit) (College Station, TX) was used for Cox PH analyses and R
version 3.2.2 (64-bit) for competing risks analyses.16:22 A p-value less than 0.05 was
considered statistically significant.
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RESULTS

Baseline characteristics of liver transplant registrants and recipients by age group

Baseline characteristics at the time of listing [Table 1] were similar to baseline
characteristics at transplantation [Table 2]. Adults 18-24 years old had higher mean
calculated MELD scores at listing (23.2+12.2) and transplantation (26.2+11.5) and were less
likely to have an exception score granted at any time while on the waitlist (18.1%) compared
to children and adolescents (0-17 years old). There were no differences in MELD scores at
listing or transplantation or in the utilization of exception scores between 18-24 and 25-34
year olds.

Registrants 18-24 years old were more likely to be listed for ALF compared to all other age
groups. Among registrants with Status 1A priority, 18-24 year olds were also more likely to
be removed from the waiting list secondary to improved condition [Figure 1a]. Despite this,
ALF (29.0%) persisted as the highest indication for transplantation in recipients aged 18-24
years compared to all other age groups, followed by PSC (15.7%) and metabolic liver
disease (13.1%) [Figure 2a, Table 2].

Graft size mismatch was uncommon in 18-24 year olds with 0% having small-for-size grafts
in living donor transplantation. In deceased donor transplantation, 18-24 year olds were
least likely to receive a small-for-size graft (4.8%) compared to all other age groups and only
9.2% received a large-for-size graft. Very young children ages 0-5 years were much more
likely to receive a liver from a live donor (14.7%) or a split liver (21%) compared to all other
age groups; by comparison 8.4% of 18-24 year olds received a liver from a live donor and
1.7% received a split liver [Table 2].

Waitlist outcomes by age

Among nonStatus 1A registrants, both younger and older age groups (ages 0-17 and 25-34)
were significantly less likely to drop-out from the waiting list compared to 18-24 year olds
(adjusted sub-hazard ratio [ASHR] 0.36 for ages 0-5, 0.29 for ages 6-11, 0.48 for ages 12—
17, 1.00 for ages 18-24, 0.82 for ages 25-34). NonStatus 1A registrants 0-17 year olds were
also significantly less likely to experience the combined outcome of death or drop-out from
the waiting list (ASHR 0.58 for ages 0-5, 0.40 for ages 6-11, 0.46 for ages 12-17, 1.00 for
ages 18-24, 0.89 for ages 25-34) and were more likely to be transplanted compared to 18—
24 year old registrants (ASHR 1.94 for ages 0-5, 2.04 for ages 6-11, 1.49 for ages 12-17,
1.00 for ages 18-24, 1.05 for ages 25-34), while 25-34 year olds had a similar likelihood of
the combined outcome of death or drop-out from the waiting list or transplantation [Table 3,
Figure 1b and 1c]. In sub-analyses, these associations were strongest in registrants with
MELD scores <20 [SDC Tables 1a and 1b]. After adjusting for gender in competing risks
analyses examining the association between age at listing and waitlist outcomes in nonStatus
1A registrants, poorer waitlist outcomes for 18-24 year olds persisted [Table 3]. Waitlist
time from listing to drop-out, death or transplantation was not significantly different between
18-24 year olds, adolescents (12-17 years old) and older adults (25-34 years old) [Table 1].

Among Status 1A registrants, only 6-11 year olds had a lower waitlist mortality and a higher
likelihood of transplantation compared to 18-24 year olds [SDC Table 2, Figure 1a].
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between age and posttransplantation graft survival

After adjusting for recipient and donor characteristics, recipients aged 18-24 years had a
similar risk of graft failure compared to all other age groups [Table 4, Figure 2b]. This
finding remained unchanged in sub-group analyses of male and female recipients [SDC
Tables 3a and 3b] and in recipients listed as Status 1A or Not Status 1A [SDC Table 4a and
4b].

However, there were important differences in the timing of graft failure and loss by age
group. Among recipients with graft failure in the first 0-29 days after transplant, this event
was more likely to occur in children ages 0-11 years old with the highest probability in 0-5
year olds compared to older age groups (proportion 0.60 ages 0-5, 0.43 ages 6-11, 0.18 ages
12-17, 0.21 ages 18-24, 0.28 ages 25-34). Among recipients with late graft loss (>365 days
after transplantation), this event was more likely to occur in adolescents (ages 12-17) and
adults (ages 18-24 and 25-34) compared to children 0-11 years old (proportion 0.23 ages
0-5, 0.36 ages 6-11, 0.67 ages 12-17, 0.62 ages 18-24, 0.53 ages 25-34). There was no
difference in the probability of early graft loss (30-365 days after transplant) across age
groups [SDC Table 5].

between age and posttransplantation patient survival

Children and adolescents (0-17 years old) and adults 25-34 year olds had significantly
lower posttransplant mortality compared to 18-24 year olds (AHR 0.53 for ages 0-5, 0.48
for ages 6-11, 0.70 for ages 12-17, 1.00 for ages 18-24 and 0.77 for ages 25-34) after
adjusting for a large number of recipient and donor characteristics. The probability of
survival at 1, 2 and 5-years posttransplant was the lowest for recipients ages 18-24 at 0.91,
0.88 and 0.79 respectively compared to all other age groups [Table 5, Figure 2c]. These
associations between age-groups and posttransplantation survival were very similar in male
and female subgroups [SDC Tables 6a and 6b]. In sub-analyses by medical acuity, these
associations were strongest in recipients transplanted as Not Status 1A (AHR 0.55 for ages
0-5, 0.45 for ages 6-11, 0.68 for ages 12-17, 1.00 for ages 18-24 and 0.74 for ages 25-34)
[SDC Tables 7a and 7b].

Re-transplantation after graft failure occurred more commonly in 0-5 year olds (76%, OR
2.53), 6-11 year olds (78%, OR 2.78) and 12—17 year olds (72%, OR 2.00) compared to 18-
24 year olds (56%, OR 1.00), while 25-34 year olds had a similar likelihood of re-
transplantation after graft failure (63%, OR 1.34) [Table 6]. In sub-analyses by acuity, this
association was strongest in recipients transplanted as Not Status 1A [SDC Tables 8a and
8b]. Death after graft failure was also significantly more common in 18-24 year olds (43%)
compared to 0-5 (21%), 6-11 (18%), 12-17 (28%) and 25-34 year olds (37%) (X2 p-value
< 0.001). Sub-analyses by gender noted a strikingly higher percentage of females ages 18—
24 years olds dying after graft failure (48.9%) than males (37.1%). Females ages 0-17 and
25-34 years were also more likely to be re-transplanted compared to females 18-24 year
olds, whereas in males there was no difference in the odds of re-transplantation across all
age groups [SDC Table 9a and 9b].
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DISCUSSION

This analysis of national registry data demonstrates worse waitlist and posttransplant
outcomes in 18-24 year olds compared to both younger and older age groups among liver
transplant registrants and recipients in the United States from 2002—-2015. Notably,
recipients 18—-24 years old had the highest mortality following transplant with a 5-year post
transplant survival probability of 0.79. Among nonStatus 1A registrants, 18-24 year olds
were more likely to experience drop-out from the waitlist. While there was no difference in
graft failure across age groups, 18-24 year olds were more likely to have late graft loss,
were less likely to be re-transplanted and were more likely to have the outcome of death
secondary to graft failure. To our knowledge, this is the first study to examine and
demonstrate both poor waitlist and postliver transplant outcomes in the population of young
adults aged 18-24 years at the time of listing and transplantation.

ALF was the leading indication for liver transplant in 18-24 year old registrants and
recipients. Not surprisingly, given the priority allocated to critically ill Status 1A registrants,
there were few differences in waitlist outcomes when comparing both younger and older age
groups to 18-24 year old registrants.

Among nonStatus 1A registrants, 0-17 and 25-34 year olds had a significantly lower risk of
waitlist drop-out compared to 18-24 year olds and these associations were strongest in those
with MELD scores <20. Hsu et al previously demonstrated that younger children are more
likely to be granted exception scores compared to older children.® Additional studies have
also found that children and adults who are granted nonstandard exception scores have
decreased waitlist mortality and are more likely to be transplanted compared to registrants
without nonstandard exception requests.2324 In support of these trends, we found that adults
18-24 year olds were significantly less likely to be granted an exception score at any time
while on the waiting list, had lower MELD exception scores compared to 0-17 year olds and
had poorer waitlist outcomes despite having the highest mean calculated MELD score at
listing and transplantation. In our study, while the primary indications for liver
transplantation were similar between 12-17 year olds and 18-24 year olds, the decline in the
use of exception scores at the transition between adolescence and adulthood was dramatic.
This likely reflects a culture of advocacy for children by providers most attuned to the
utilization of nonstandardized exception scores in the youngest registrants with significant
implications on waitlist outcomes.

In the process of transition from late adolescence to adulthood, 18-24 year olds age out of
potential allocation benefits allotted to the pediatric population where children with similar
medical urgency to adult registrants receive equal priority for adult organs, while also
retaining priority offers from pediatric donors.” We found younger children were more likely
to receive split livers or livers from living donors compared to young adults, further
expanding the donor pool for children in a time of organ scarcity. The advantage of 1B
Status additionally applies only to pediatric registrants <18 years old with chronic liver
disease who meet specific criterion, while the adult equivalent of Status 2A was eliminated
in 2002.25 Moreover, children with metabolic liver disease causing hyperammonemia may
be advanced to 1B status after 30 days; this same advantage is not conferred to 18-24 year
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olds in whom the 3" leading indication for liver transplantation is metabolic liver disease.26
As 18-24 year olds age out of the allocation benefits allotted to the pediatric population, we
found they are also disadvantaged by a lower utilization of exception scores with higher
rates of waitlist drop-out and lower rates of transplantation.

There was no difference in the risk of graft failure for recipients aged 18-24 years at the
time of transplant compared to all other age groups. Among those with graft failure, 18-24
year old recipients along with adolescents and older adults were more likely to have late
graft loss, compared to children 0-11 years old. Previous studies in children have noted that
acute and chronic rejection account for up to 48% of late graft loss, while hepatic artery
thrombosis and biliary strictures combined account for an additional 20% of late graft loss in
children.20:21 |n adults, recurrent disease and chronic rejection primarily account for hepatic
causes of late graft loss.2” Immunosuppression nonadherence has been well documented in
young adults across all solid organ transplants and may be one potential contributor to late
graft loss in this population. Novel solutions continue to target the transition between
pediatric and adult care with the aim to decrease chronic rejection leading to re-
transplantation or death,2428.29

Most strikingly, we found that adults 18—24 years old had higher posttransplant mortality
and a lower probability of survival at 1, 2 and 5 years posttransplant compared to both
younger and older age groups. While previous studies have found higher posttransplantation
mortality in both adult female recipientsl® and adults transplanted for ALF due to suicide,
trauma or immunosuppression nonadherence,30 higher posttransplant mortality in 18-24
year olds persisted in our study even after adjusting for gender and 1A Status.

Insights into potential causes of higher posttransplant mortality were obtained from sub-
group analyses of recipients with graft failure. Overall, 18-24 year old recipients with death
secondary to graft failure comprised a large proportion of total deaths in this age category
(38%). Recipients 18-24 year olds with graft failure were less likely to be re-transplanted
and had the highest proportion of deaths secondary to graft failure compared to all other age
groups, with female recipients accounting primarily for these differences. Gender disparities
in posttransplantation outcomes for adult females have previously been described with
potential etiologies including poorer graft survival due to lower-quality grafts for women
compared to men and a higher risk of posttransplantation renal impairment in females;
though these variables were not available for analysis in our study.3!

One limitation of our analyses is that specific causes of graft failure, death and the capture of
socio-behavioral risk factors can not be further delineated due to the high degree of missing
data of these variables in UNOS. This is a known limitation of using a large national
database where data cannot be further verified and missing data cannot be retrieved. These
limitations, however, are balanced by the strengths of using a large transplant dataset, which
enhances study power and the ability to detect meaningful differences while also increasing
generalizability through utilization of a national registry.

We describe for the first time worse waitlist and posttransplantation outcomes in 18-24 year
olds compared to both older and younger age groups. At a time of organ scarcity and in a
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population of young adults in whom survival benefit is significant,32 future single or multi-
center studies are needed to delineate the potential contribution of socio-behavioral risk
factors on posttransplantation outcomes, specific causes of graft failure and barriers to re-
transplantation to target interventions and maximize ideal long-term outcomes in young
adults 18-24 years old. Finally, the lower utilization of nonstandard exception scores in
young adults compared to older adolescents is stark and future collaborative work across the
pediatric and adult transplant communities are needed to ensure parity in our allocation
system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 3

Association between age at listing and waitlist outcomes: competing risks analysis for sub-group Not Status

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

1A

Patient: E t .
| Ty | sub-Hazard Ratio | Adjusted? Sub-Hazard Ratio
Death
0.68 1.05
Ages 0-5 4355 19 (0.54-0.87) (0.77-1.42)
611 0.35 0.66
864 20 (0.21-0.56) (0.4-1.1)
1917 0.33 0.41
1263 28 (0.22-0.51) (0.27-0.63)
18-24 153 | 101 1 1
118 1.02
25-34 3388 263 (0.94-1.48) (0.8-1.31)
Transplantation
2,08 1.94
Ages 0-5 4355 | 3495 (1.93-2.24) (1.76-2.15)
611 1.82 2.04
864 664 (1.65-2.01) (1.81-2.29)
1217 1.38 1.49
1263 | 53 (1.26-1.52) (1.35-1.64)
18-24 153 | 86l 1 1
1.06 1.05
25-34 3388 | 1966 (0.98-1.15) (0.96-1.14)
Drop-out
0.32 0.36
Ages 0-5 4355 170 (0.26-0.39) (0.27-0.47)
611 03 0.29
864 32 (0.21-0.44) (0.2-0.44)
1917 0.47 0.48
1263 72 (0.36-0.62) (0.37-0.63)
18-24 153 | 185 1 1
0.89 0.82
2534 3388 367 (0.75-1.06) (0.69-0.99)
Death or Drop-out
0.44 0.58
Ages 0-5 4355 366 (0.38-0.51) (0.47-0.71)
611 0.31 0.4
864 52 (0.23-0.42) (0.29-0.55)
1917 0.41 0.46
1263 100 (0.33-0.51) (0.36-0.57)
18-24 153 | 286 1 1
1 0.89
25-34 3388 630 (0.87-1.15) (0.77-1.03)

1duosnuep Joyiny

aAdjusted for gender, race or ethnicity, underlying liver disease, ABO blood group, initial listing year, listing PELD/MELD score, whether an
exception score was granted (yes/no variable), serum albumin level and insurance payor status. UNOS region was included as a covariate.

Transplantation. Author manuscript; available in PMC 2018 July 01.



Page 22

Ebel et al.

‘uo1Bal SONN AQ paiyiens aism SUOIBAIBSIO
"uoyeoo| ueblo pue adA1 ueBIO JOUOP ‘B BIWBYISI PlOD ‘YIeap JO asned Jouop ‘yresp AI0ye|nalio Jaiye uoneuop ‘adAy Jouop ‘yarew Ogy ‘IING ‘Aud1uyie Jo aoel ‘1apuab ‘abe :sonsiisiorleyd Jouoq

|9A8] UIWNG[e WnJss ‘uolreue|dsues) Jo Jeak ‘Bunsi| T snels ‘asessip
Jan1] BuiAiapun ‘(ajqelien ou/sak) pajuelb sem 2109s uo1dadxa ue Jaylaym ‘8103s Q13IN/A13d ueldsuesy ‘dnolb poojq Ogyv ‘snieis JaAed aourinsul ‘A1101uyIa o aoed ‘Iapuab ‘abe :sonsiisioeeyd Jualdioay

'Z 9]qeL Ul umoys uoiejue|dsues) JO sl 8y 18 SoNSLIBIoRIRYD Jouop pue jualdioal sy} |[e oy uEms.—E\w

(eT'T-2L°0) (LT'T-28°0) 1484 99¢ 1788 €6TC v€-G2

€6°0 860
T T 1y €8T 6827 180T 28T
(¥T'7-69°0) (26:0-65°0) 86C 0€T T9EY 286 1121

68°0 v2°0
(¥0°'T-€5°0) (€9:0-2€°0) 26T 2L 1G1€ G18 11-9

10 870
(55°'T-88°0) (08'0-95°0) v9C (01474 L1997 179 S0

ITT 190
oney prezeH ppaisnlpy | oney paezeH paisnlpeun | (siresk-usired OOt 4ad) a1ed aunjre | sainjred | siesk-wusied N uonelue|dsuey 1e aby

(s1sAeue spaezeH Jeuoniodoid X0D) [eAlAIns Leah juejdsuensod pue uoneiuejdsuel) e abe usamiaq UOITRINOSSY

Author Manuscript

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2018 July 01.



Page 23

Ebel et al.

‘uoifias SONN AQ paijIIes a18M SUOITeAISSIO
‘uoieoo| ueblo pue adA) uefio Jouop ‘awiny BIWBYISI PIOT ‘YIeap JO asned Jouop ‘yresp A101e|naJId Jalje uoleuop ‘adAl Jouop ‘yolew Ogv ‘IINg ‘Aloluyle Jo adel ‘Japuab ‘abe :sonsiisioeleyd Jouoq

[8A8] UIWING[e WnJss ‘uomejue|dsuel) Jo Jeak ‘Bunsi| T sniels ‘asessip

Jan1] BuiAiapun ‘(sjqerden ou/saA) pajueld sem 8109s uo1dadxa ue Jayleym ‘8103s Q13IN/A13d ueldsues ‘dnolb poojq Ogy ‘snieis Jaked aaueinsul ‘A1191uy3s Jo aoed ‘Japuab ‘abe :sonsiiaioeeyd Jusidioay

12 31qeL Ul umoys uoielue|dsues) Jo sl 3y e SoNsLIaloRIRYD Jouop pue Jualdioal sy} |fe oy usm:_n/\m

(€6:0-¥9°0) (66°0-T2°0) 280 680 €6°0 207 1G€ 0688 €672 €52
110 ¥8°0

1 T 6.0 88°0 16°0 88'f 012 TOEY 180T ¥2-8T

(16°0-55°0) (5L°0-8%°0) 880 260 ¥6°0 8¢ €e1 06€EY 286 1121
00 09'0

(£9°0-¥€°0) (87°0-L2°0) 260 760 G560 G9'T 29 65.€ qT8 11-9
870 9e'0

(220-070) (87°0-v€0) 60 260 ¥6°0 ¥8'T 10€ 18997 179 S0
€50 70

oney pJezeH ppaisnlpy | oney paezeH paisnipeun | siesA G | siesA g | JesA T | (saeak-jusied o0t 4ad) AljeroN | suyresq | s4esk-lusired N uonejue|dsue.s 1e aby

[eAlAINS

(s1sAjeue sprezeH euollodoid X0D) [eAIAINS Juaied juejdsueinsod pue uonejuejdsues) 1e abe usamag UOIRIJ0SSY

Author Manuscript

Author Manuscript

G 9lqeL

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2018 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Ebel et al.

Table 6

Page 24

End status of recipients with graft failure by age and odds of re-transplantation after graft failure by age at
transplantation (logistic regression)

Status of recipients with graft failure

Age at transplantation® | Alive (%) | Deceased (%) | Retransplanted (%) (ORb, 95% confidence interval)
a0 (2-151"/0) (21?2%) (OR 2.%732,'3%)23—3.65)

N (42%) (1812%) (OR 2.(7787?%—5.21)

i3 (O-é%) (273-)?%) (OR 2.%701,?%4)1-3.26)

o i | b ie)

,2\15:_3336 (Oé%) (3‘%-39?%) (OR 1.(3(35%%21—1.93)

aSignificant difference found in end status of graft recipients with graft failure by age (XZ p-value < 0.001)

b . . .
Odds of re-transplantation after graft failure compared to end status of alive or deceased.

Transplantation. Author manuscript; available in PMC 2018 July 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data source and study population
	Age categories
	Modeling the association between age and waitlist outcomes
	Modeling the association between age and posttransplantation graft and patient survival
	Analytical software

	RESULTS
	Baseline characteristics of liver transplant registrants and recipients by age group
	Waitlist outcomes by age
	Association between age and posttransplantation graft survival
	Association between age and posttransplantation patient survival

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

