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Abstract

Donor age has become the dominant donor factor used to predict graft failure (GF) after liver
transplantation (LT) in HCV recipients.

AIM—To develop and validate a model of Corrected Donor Age (CDA) for HCV LT recipients
that transforms the risk of other donor factors into the scale of donor age.

METHODS—We analyzed all first LT recipients with HCV in the UNOS registry from 1/1998-
12/2007 (development cohort, n=14,538) and 1/2008-12/2011 (validation cohort, n=7,502) using
Cox regression, excluding early GF (<90 days from LT). Accuracy in predicting 1yr GF (death or
Re-LT) was assessed with the net reclassification index (NRI).

RESULTS—In the development cohort, controlling for pre-LT recipient factors and geo-temporal
trends (UNOS region, LT year), the following donor factors were independent predictors of GF
(Hazard Ratio); all p<0.05; donor age (1.02/yr), circulatory death (DCD) (1.31), diabetes (1.23),
height<160cm (1.13), AST>120 U/L (1.10), female (0.94), cold ischemia time (CIT) (1.02/hr),
donor non-AA : recipient AA (1.65). Transforming these risk factors into the donor age scale
yielded the following: DCD=+16yrs, diabetes=+12yrs, height<160cm=+7yrs, AST >120 U/L=
+5yrs, female=—4yrs, CIT=+1yr/hr>8hrs and —1yr/hr<8 hrs. There was a large effect of donor-
recipient race combinations; +29yrs for donor non-AA : recipient AA but only +5yrs for donor
AA : recipient AA, and —2yrs for donor AA : recipient non-AA. In a validation cohort, CDA
better classified risk of 1yr GF versus actual age (NRI 4.9%, p=0.009) and versus the donor risk
index (9.0%, p<0.001).

CONCLUSIONS—The CDA, compared to actual donor age, provides an intuitive and superior
estimation of graft quality for HCV-positive LT recipients since it incorporates additional factors
that impact LT GF rates.
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Introduction

Methods

Liver transplantation (LT) can be a lifesaving intervention for patients with acute or chronic
liver disease. Organ shortage is perhaps the greatest challenge facing the field of organ
transplantation today!, prompting a push for aggressive graft utilization practices by the
transplant community yet this effort could adversely affect outcome without appropriate
donor selection?. Several analyses have identified specific donor characteristics that affect
the risk of graft failure (GF), not always reaching consensus®—. However, there is no
controversy about the impact of donor age, considered to be the most important factor
related to patient and graft survival. The strong negative impact of older donors on LT
outcomes has long been recognized® 7, with an increasing relative risk of GF associated
with each decade of increasing donor age, beginning at 40 years.

When considering hepatitis C (HCV) patients, still the most common indication for LT in
United States and worldwide, the evidence regarding the negative impact of donor age in
patient and graft survival is overwhelming®-8. Lake et al analyzed the impact of several risk
factors on survival outcomes of adult LT recipients, and found that donor age surpassed all
other risk factors for poor graft and patient survival in patients with HCV® prompting
restrictive modifications in donor selection based on age®. Nevertheless, during the last
decade some investigators have shown favorable early- and middle-term results with elderly
donors 10: 11 even in HCV-positive recipients, highlighting that other donor and recipient
factors contribute to graft loss risk. Therefore, estimating the risk that other risk factors add
to actual donor age in a fast and simple way could facilitate successful donor selection. The
aim of this study was to develop and validate a model of Corrected Donor Age (CDA) for
HCV-infected LT recipients that transforms the risk of other donor factors into the scale of
donor age.

Study Population

We obtained data on LT recipients, their respective donors and transplant factors from the
United Network for Organ Sharing (UNOS) Standard Transplant Analysis and Research
files. The development cohort included adults (>=18 years of age) with a primary, secondary
or other diagnosis of HCV receiving a primary, single-organ, deceased donor LT between
January 1998 and December 2007 with at least 90 days of post-transplant follow-up.
Patients receiving a partial or split liver, infected with HIV or having fulminant status were
excluded from the analysis.

Statistical Analysis

Donor, recipient and transplant characteristics were described with means (standard
deviations [SD]), and medians (interquartile ranges [IQR]) for continuous variables and
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frequency distributions for categorical variables. Variables missing greater than 20% of
responses were excluded from further evaluation. Donor height was evaluated by 10 cm
increments and in the final model dichotomized at 160 cm due to a lack of statistical
difference in outcomes between 10 cm groupings. Similarly, AST was dichotomized at 120
U/L after evaluating the relationship between outcomes and AST by 40 unit increments.

Cox proportional hazards regression was used to estimate the impact of donor factors on
liver GF. Time-to-event was defined as the number of days from LT to the date of
retransplant, death or censoring at last follow-up, whichever occurred first. Donor factors
evaluated in univariable analysis included anti-CMV serology, HBV core antibody, anti-
HCV serology, cause of death (head trauma [reference category], anoxia, cerebrovascular/
stroke and other causes including CNS tumor), ethnicity, sex, non-heart beating donor/
donation after circulatory death (DCD), antihypertensives and vasodilators within 24 hours
of pre-cross clamp, synthetic antidiuretic hormone, cardiac arrest post brain death, allocation
type, age, height, weight, body mass index, serum creatinine, total bilirubin, AST, ALT,
cold ischemic time, warm ischemic time and history of diabetes, cigarette use, hypertension
and cancer. Donor factors with p<0.1 in the univariable analysis were eligible for entry into
the multivariable model. The donor model was constructed using stepwise selection with a
significance level of 0.05 for model entry and removal.

Recipient and transplant factors evaluated for association with liver graft loss by univariable
Cox proportional hazards regression included hepatocellular carcinoma, life support pre-
transplant, sex, ethnicity, age, diabetes, previous upper abdominal surgery, dialysis prior
week to transplant, height, serum creatinine, total bilirubin, aloumin, INR, MELD, region,
transplant year and ABO compatibility. Complete data for INR at transplant and MELD
were only available after March 1, 2002 and were therefore evaluated from this date
forward. While MELD was statistically significant, creatinine was the only MELD
component significantly associated with graft loss. Therefore, creatinine was evaluated in
the multivariable analysis (and available for all 10 years of the study). To create a donor
model adjusted for recipient and transplant factors, the likelihood ratio test was used to
compare the full (model with the recipient variable) and reduced (model without the
recipient variable) models for factors with p<0.1 in the univariable analysis. Recipient and
transplant factors with p<0.05 from the likelihood ratio test were included in the adjusted
model. The final model was adjusted for seven recipient factors (age, sex, hepatocellular
carcinoma, life support, diabetes, serum creatinine and albumin) and two transplant factors
(region and transplant year). The proportional hazards assumption was tested using
Schoenfeld residuals. We evaluated potential interactions between donor age and donor
characteristics (sex, non-heart beating/DCD, diabetes, height, AST), recipient age and cold
ischemia time, between donor and recipient sex and between donor and recipient ethnicity.
Interactions with p<0.05 were included in the final model. Significant donor factors were
transformed into the scale of donor agel? (using the regression coefficients from the
multivariable model) to develop a novel donor risk model of CDA. For example, the
regression coefficient for the significant donor factor was divided by the regression
coefficient for a 1 year increase in donor age and rounded to the nearest integer. The integer
value for each donor component was then summed to calculate the CDA for a given donor.
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Model Validation

Results

To validate and compare the CDA model to actual donor age and DRI, we identified an
independent validation cohort of HCV patients receiving a liver transplant between 2008
and 2011 from the UNOS/OPTN database. The original selection criteria were applied to the
validation dataset. Probability of liver graft failure within one year of transplant was
predicted by CDA and compared to actual donor age and DRI13. Overall c-index and net
reclassification index (NRI) were calculated to evaluate model discrimination (the ability of
the model to correctly classify recipients into events and non-events!4) and improvement in
model performance (quantify the proportion correctly reclassified regarding risk of graft
loss1®), respectively. We used a priori 1-year graft loss risk groups (<7.5%, 7.5% to <10%,
10% to <12.5%, 12.5% to <15%, and >=15%) to quantify NRI. Thus, predicted probabilities
from the new CDA model reclassifying recipients with events into higher risk groups and
recipients without events into lower risk groups indicates correct reclassification compared
to the predicted probabilities from actual donor age and DRI. Significance of reclassification
was evaluated with a two-sided z test. Statistical analyses were conducted using SAS v9.3
(Cary, NC).

Eligible LT Recipients

Between 1998 and 2007, 21,938 anti-HCV positive persons received a liver transplant and
were followed for at least 90 days. LT recipients under 18 years of age (n=141, 0.6%), HIVV
positive (n=24, 0.1%), with fulminant status (n=66, 0.3%) or receiving a repeat LT
(n=1,791, 8.2%), multiple organ transplant (n=856, 3.9%), partial or split liver (=928,
4.2%), or a liver from a live donor (n=33, 0.2%) were excluded from the analysis. The final
development cohort for creating the CDA model included 18,099 recipients. Of these,
14,538 patients in the development cohort had complete data for the variables included in
the final adjusted model. Additionally, we identified an independent validation cohort with
the same inclusion/exclusion criteria of 7,502 patients transplanted from 2008 and 2011 to
assess model performance.

Recipient and donors characteristics

Demographic and clinical characteristics of LT recipients and liver donors are detailed in
Table 1 within the development (separately for all eligible recipients and those with
complete data for the characteristics included in the final model) and validation cohorts.
Demographic characteristics that were statistically (p<0.05), but not necessarily clinically,
different between the final development with complete data (n=14,538) and the validation
data (n=7502) cohorts are noted. As expected there were some differences between the
development and validation cohorts. LT recipients were primarily white and male. Nearly
one-third of recipients were diagnosed with hepatocellular carcinoma and another 18% were
diabetic. Liver donors were also primarily male with 85% of deaths due to trauma or stroke.
African Americans (AA) represented 13% of donors. Few donors were anti-HCV positive
(5%) or donated after circulatory death (3%). Recipient and donor characteristics were
similar for both cohorts.
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Donor factors associated with graft survival

Univariable and multivariable factors associated with graft survival in the development
cohort are shown in Table 2. After controlling for pre-LT recipient factors and geo-temporal
trends (UNOS region, LT year), the following donor factors were independent predictors of
GF (Hazard Ratio); donor age (1.02/yr), DCD (1.31), diabetes (1.23), height<160cm (1.13),
AST>120 U/L (1.10), female (0.94), cold ischemia time (CIT) (1.02/hr), and donor non-
AA : recipient AA (1.65) (Table 2).

CDA model development

Transforming significant donor risk factors into the donor age scale yielded the following:
DCD = +16yrs, diabetes = +12yrs, height <160 cm = +7yrs, AST >120 U/L = +5yrs, female
= —4yrs, CIT = +1yr/hr >8hrs and -1yr/hr <8 hrs (Figure 1). The presence of each high risk
feature would add the aforementioned amount of years to actual donor age, therefore
allowing calculation of the CDA. Donor-recipient race combination mismatch had the
largest effect; the highest risk association was represented by the combination of a non-AA
donor with an AA recipient, adding 29 years to actual donor age. However, matching an AA
donor with an AA recipient only added 5 years to actual donor age, and the AA donor : non-
AA recipient combination subtracted 2 years to actual donor age. For the remaining donor
characteristics analyzed, DCD, diabetes, height <160cm, AST>120 U/L and CIT >8 hours
represented additional calculated donor years in decreasing order. CIT <8 hours and female
sex subtracted 1 and 4 years respectively to actual donor age. No interactions between donor
age and other donor factors were identified (p>0.05). Examples of combinations of actual
donor age matched to donor and recipient race, and to the remaining analyzed donor
characteristics are shown in Table 3. These examples reflect the strong negative influence of
a non-AA donor matched to an AA recipient. For example, an AA recipient receiving a 40-
year old graft from a non-AA donor would be predicted to have the same risk of graft loss as
if receiving an 69 year old donor graft.

CDA model validation

Within the validation cohort, the c-index for CDA was 0.60 and actual donor age was 0.59.
Compared to actual donor age, CDA better predicted risk of 1-year GF, with 4.9% of
patients correctly reclassified by CDA compared to donor age alone (NRI p=0.009). When
actual donor age was stratified in decades (Figure 2), CDA risk reclassification further
improved when considering donors >40 years old, achieving a correct reclassification of
12.0-13.5% of patients. Table 4 that displays the number of events, non-events and
proportion of patient with events for each of the risk categories (<7.5%, 7.5 to <10%, 10 to
<15%, >15%) for 1 year predicted graft failure by actual and corrected donor age. Next we
examined the DRI in our validation cohort. The c-index for DRI was 0.58. When we
compared 1-year predicted graft failure risk using CDA and DRI3, the NRI was 9.0%
(p<0.001). That is, compared to DRI, CDA correctly classified the risk in 9.0% more of the
patients.
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Discussion

Donor age has been recognized as the most influential risk factor for both liver transplant
graft and patient survivall®. In the initial published paper by Lake et al, donor age surpassed
all other risk factors for poor graft and patient survival in a particular subset of patients,
HCV-positive recipients, and the effect was already evident in the first year post LT when
analyzing donors over the age of 40 years®.

There is an ongoing disparity between the demand and supply of lifesaving liver grafts. Of
the 15,116 candidates waiting for LT in the US in 2013, 19.7% died or were removed as too
ill for transplant!”. With an aging general population and high waitlist death rate, the use of
older liver donors has risenl’ 18, Yet, the use of older donors in HCV-positive patients has
been associated with decreased graft and patient survival mainly due to universal viral
infection recurrence, faster fibrosis progression and finally decompensated graft

cirrhosis 6 7. 19-23_ However, favorable results with older donors have been reported, even
with >80 year old donors, especially if careful donor evaluation and donor-to-recipient
matching are undertakenll. These variable results reflect a simple fact; donors are
heterogeneous. Among individuals of the same age, general health status, comorbidities and
physiologic reserve vary markedly16. Recognizing this heterogeneity among donors and the
singular importance of donor age, we developed and validated a simple metric — the CDA --
that captures the risk of GF.

In our analysis, eight donor characteristics were found to be significantly and independently
associated with GF. Some of the included risk factors such as DCD, donor’s height, sex and
CIT have also been described in other donor scoring systems such as the Donor Risk Index
(DRI)3 and Liver Donor Risk Index (L-DRI)24. Our study confirms prior findings that donor
history of diabetes is a strong independent risk factor for GF in HCV-positive recipients2.
We show that donor history of diabetes added 12 years to CDA. Mismatched donor and
recipient race has long been recognized as a factor influencing LT outcome in HCV-infected
recipients. Recently, in another donor risk index (the AADRI-C) developed for AA
recipients with HCV26, AA donor : AA recipient match attenuated the negative effect of
increasing donor age on graft survival; therefore allowing the use of older donors. We
analyzed the influence of donor-recipient race combination mismatch and found that the
highest risk association was represented by a non-AA donor for an AA recipient, adding 29
years to actual donor age. Unlike previous findings reported in the AADRI-C, donor AA for
an AA recipient was associated with higher risk of graft loss (represented by additional 5
years to actual donor age). Even though serum aminotransferase levels have not been found
to be significant in several scoring models3-3, in a recent paper by Ghinolfi that analyzed the
use of octogenarian donors for liver transplant the combination of donor age and AST were
found to be predictive of GF!! and in our analysis, AST>120 U/L accounted for 5 additional
years to actual donor age.

Although donor age is the dominant characteristic of liver graft quality in HCV-positive
recipients, other characteristics clearly add to predictive models for graft survival. The
advantage of the CDA over other models using graft quality characteristics, such as the
DRI3 or AADRI-C26, is the simplicity of translating the risk associated with the additional
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donor characteristics into (more or less) years of donor age. The complexity of the DRI and
AADRI-C can limit their use. Donor age then becomes the default for quick assessments of
graft quality. Compared to age alone, our CDA model had superior classification of GF,
correctly reclassifying 1-year risk of GF in 4.9% (p=0.009) of patients in the entire cohort.
This improvement in risk classification was even more apparent when considering donors
>40 years old, achieving correct reclassification of 12.0-13.5% (p<0.05) compared to donor
age alone. In this HCV validation cohort, CDA also had improved risk classification for 1
year risk of GF when compared to the DRI with an NRI of 9.0% (p<0.001).

Several deceased donor scoring systems have been developed with the aim of helping
clinicians assess the impact of different donor features on the outcome of LT. The
development of the DRI and the L-DRI were a major advance since it permitted a formal
assessment of the risks posed by a particular allograft and also allowed a standardized
assessment of transplant practices 24, However, its use has not been widely adopted. In a
survey conducted by Mataya et al that evaluated the role of the DRI in clinical practice, they
found that even though the majority of responding physicians (62%) stated they were very
familiar with the DRI, only a small minority (17%) discussed the concept DRI with wait list
candidates, and only 7% disclosed a specific liver DRI number2’. One of the concerns
identified in this survey was that DRI was considered too complicated for patients to grasp.
The CDA model has the benefit of being easy to calculate and simple to explain to potential
recipients, making it a useful tool to promote shared decision making. Another asset of the
CDA is its focus on HCV infected potential liver transplant recipients. In our HCV cohort,
the HCV focused CDA model had improved risk classification compared to the more
general DRI model. Additionally, the concept of the CDA could be extended to decision
making when considering donor and recipient factors as has been done using the D-MELD
model* 28: 29 that uses the simple product of Donor Age and Recipient MELD score to
identify high risk combinations.

Chronic HCV infection is the leading cause of end-stage liver disease and indication for
liver transplantation in the Western world* 30. Several studies have demonstrated worse
survival outcomes in HCV-positive compared to HCV-negative LT recipients®: 25; therefore
justifying the need for development of specific donor scoring models for this subset of
patients such as our CDA. With the availability of novel HCV antiviral drugs, it is unclear
whether HCV-infected patients undergoing treatment will have transplant outcomes similar
to non-HCV-infected patients, rendering HCV-specific scores less important31. However,
low and middle income countries, where more than 80% of chronically infected HCV
patients reside, are still struggling for access to direct acting antivirals. Even though price
reduction strategies for some of these new drugs are being announced in several low income
countries, middle income countries are being excluded from these policies. No lower priced
or generic medications will be available in the near future for millions of patients living in
these areas, that is to say widespread affordability is still not guaranteed?6: 32, For example,
in South America where more than 2,500 liver transplantations are performed yearly, three
of the top four countries with the highest liver transplant rates (Argentina with 10.4,
Uruguay with 5.5 and Colombia with 5.1 transplants per million people per year)33, only
first wave HCV protease inhibitors are currently available in combination with peg
interferon and ribavirin. Without a clear strategy in place to obtain governmental coverage
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for DDA HCV medications 34, access will unlikely improve in the near future. In these
resource-constrained regions, prioritization of transplant recipients for treatment is
necessary, and prediction scores such as CDA help to identify patients at highest risk of
graft loss for whom early HCV treatment should be considered.

In summary, we have developed and validated a Corrected Donor Age score that
incorporates the key donor factors associated with graft survival and transformed them into a
single scale of donor age, the most relevant feature associated with risk of graft loss, thereby
yielding an intuitive and superior estimation of 1-year graft quality for HCV LT recipients.
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List of abbreviations in order of appearance

GF graft failure

LT liver transplantation

HCV Hepatitis C

CDA Corrected Donor Age

UNOS United Network for Organ Sharing

Re-LT repeat liver transplantation

NRI net reclassification index

AA African American

non-AA non-African American

DCD donation after circulatory death

AST aspartate aminotransferase

CIT cold ischemia time

DRI donor risk index

L-DRI liver donor risk index
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Donor Age
DCD +16 yrs
Diabetes +12 yrs

Height<160cm +7 yrs
AST>120U/L  +5 yrs

cIT* +1 yr for each hr > 8 hrs
+0 yr=8hr
-1 yrforeach hr<8hrs
Female -4 yrs
A 4
AA Recipient Non-AA Recipient
AA donor: +5 yrs AA donor: -2 yrs
Non-AA donor: +29 yrs Non-AA donor: no correction
¢ A 4

Corrected Donor Age

Figure 1.
Age equivalent calculations

Note: *CIT reference time was 8 hours.

Liver Transpl. Author manuscript; available in PMC 2016 August 01.

Page 11



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Dirchwolf et al.

0.15

0.10

0.05

0.00

-0.05

Net Reclassification Index

-0.10

*

i

|I||[

Overall
NRI

18-29  30-39  40-49

50-59

Actual Donor Age

Page 12

Figure 2.

Improved risk reclassification with CDA by donor age category

Note: * p<0.05
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Recipient and Donor Characteristics in the Development and Validation Cohorts

Table 1

Development | Validation

Characteristic n=18,099 n=14,538 | n=7,502
Recipient
Age at LT [mean (SD)] 52(8) 52 (8) 55 (6)
Male (%) 75 75 76
Race” (%)

Caucasian 74 74 70"

African American (AA) 9 9 12

Other 18 18 18
HCC™ (%) 28 29 37"
Life support at LT (%) 3 3 4
Diabetes” (%) 18 18 21
Lab MELD at LT* [median (IQR)] 17(12-23) | 17(12-23) [ 18(12-26)
Serum creatinine at LT" [median (IQR)] 10(0.8-14) | 1.0(0.8-1.3) [ 1.0(0.8-15)
Albumin at LT* [mean (SD)] 2.8(0.7) 28(0.7) 3.0(0.7)
Donor
Age at donation” [mean (SD)] 40 (17) 40 (17) 41 (15)
Male® (%) 62 62 60
Race” (%)

Caucasian 71 72 66

African American (AA) 13 13 18

Other 15 15 16
Cause of death” (%)

Anoxia 12 12 24

Stroke 43 43 40

Trauma 42 42 34

Other 3 3 3
Anti-CMV positive (%) 65 65 65
Anti-HCV positive* (%) 5 5 7
Anti-HBc positive* (%) 6 6 7
DCD* (%) 3 3 6
Antihypertensives within 24 hrs pre-cross clamp* (%) 18 18 23
History cigarette smoking, @ >20 pack-yrs* (%) 37 38 28
Diabetes” (%) 7 8 1
History of hypertension* (%) 28 29 35
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Development Validation

Characteristic n=18,099 n=14,538 | n=7,502
History of cancer (%) 3 3 3
Synthetic antidiuretic hormone” (%) 31 31 16
Cardiac arrest post brain death”™ (%) 4 4 7
Share allocation” (%)

Local 75 74 77

Regional 19 20 19

National 6 6 4
Donor (D) : Recipient (R) race combination” (%)

D non-AA : R non-AA 80 80 73

DAA:RAA 2 2 3

D AA: R non-AA 12 12 15

D non-AA:R AA 7 7 9
Cold ischemic time, hours” [mean (SD)] 76(28) 76(28) 6.6 (2.5)
Height, cm” [mean (SD)] 172 (11) 172 (10) 172 (10)
AST" [median (IQR)] 44 (27-77) | 44 @7-77) | 45 (27-84)

Page 14

Recipient and donor characteristics in development cohort (without (n=18,099) and with (n=14,538) complete data on characteristics included in

the final adjusted model) and validation cohort (n=7,502).

*
p<0.05 when testing for differences between demographic characteristic of development and validation cohorts.
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Table 2

Page 15

Univariable and multivariable Cox proportional hazards ratios (HR) and 95% confidence intervals (95% CI)
for risk of graft loss within the development cohort.

Univariable

Multivariable”

Donor characteristic HR (95% CI) p HR (95% CI) p
Age at donation 1.02 (1.02-1.02) <0.001 1.02 (1.02-1.02) <0.001
Female 1.11 (1.05-1.17) <0.001 0.94 (0.88-1.00)  0.04
Cause of death

Anoxia 1.19 (1.08-1.30)  <0.001 - -

Stroke 1.48 (1.40-1.57)  <0.001 - -

Trauma 1.00 - -
Other 1.36 (1.17-1.59)  <0.001 - -
Anti-CMV positive 1.12 (1.06-1.18) <0.001 -- -
Anti-HCV positive 1.09 (0.97-1.23) 0.14 - -
Anti-HBc positive 1.14 (1.02-1.26) 0.02 - -
DCD 1.36 (1.16-1.59) <0.001 1.31(1.10-1.56) 0.002
Antihypertensives within 24 hrs pre-cross clamp 1.09 (1.02-1.16) 0.02 - -
History cigarette smoking, @ >20 pack-yrs 1.09 (1.04-1.15)  0.001 -- -
Diabetes 1.62(1.48-1.76) <0.001 1.23(1.11-1.36) <0.001
History of hypertension 1.40(1.33-1.48) <0.001 - -
History of cancer 1.41(1.24-1.62) <0.001 - -
Synthetic antidiuretic hormone 0.89 (0.84-0.94) <0.001 - -
Cardiac arrest post brain death 1.04 (0.91-1.20) 0.53 - -
Share allocation

Local 1 - -

Regional 1.14 (1.07-1.22)  <0.001 - -

National 1.37 (1.23-1.52)  <0.001 - -
Donor : Recipient race combination

D non-AA : R non-AA™ 1.00 1.00

D AA:RAA 1.13(0.93-1.37) 0.23 1.09 (0.88-1.36) 0.41

D AA : R non-AA 0.97 (0.89-1.06) 0.48 0.97 (0.88-1.07) 0.56

D non-AA : R AA 1.76 (1.62-1.93) <0.001 1.65(1.50-1.83) <0.001
Cold ischemic time (per hour increase from 8 hrs) ~ 1.02 (1.01-1.03)  0.001  1.02 (1.01-1.03)  0.002
Height >=160 cm (vs 100-159 cm) 1.17 (1.08-1.26) <0.001 1.13(1.03-1.25)  0.01
AST >=120 (vs <120) 0.99(0.92-1.07) 085  1.10(1.01-1.20)  0.04

*
Adjusted for recipient (age at LT, sex, HCC, life support, diabetes and laboratory values at LT (creatinine and albumin)) and transplant (region

and transplant year) factors. D=donor R=Recipient.

* %
Reference= donor non-AA; recipient non-AA
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