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Abstract

Indications for liver transplants have expanded to include patients with

alcohol-associated liver disease (ALD) over the last decade. Concurrently,

the liver allocation policy was updated in February 2020 replacing the Donor

Service Area with Acuity Circles (ACs). The aim is to compare the

transplantation rate, waitlist outcomes, and posttransplant survival of

candidates with ALD to non-ALD and assess differences in that effect after

the implementation of the AC policy. Scientific Registry for Transplant

Recipients data for adult candidates for liver transplant were reviewed from

the post-AC era (February 4, 2020–March 1, 2022) and compared with an

equivalent length of time before ACs were implemented. The adjusted

transplant rates were significantly higher for those with ALD before AC, and

this difference increased after AC implementation (transplant rate ratio

comparing ALD to non-ALD = 1.20, 1.13, 1.61, and 1.32 for the Model for

End-Stage Liver Disease categories 37–40, 33–36, 29–32, and 25–28,

respectively, in the post-AC era, p < 0.05 for all). The adjusted likelihood of

death/removal from the waitlist was lower for patients with ALD across all

lower Model for End-Stage Liver Disease categories (adjusted subdistribu-

tion hazard ratio = 0.70, 0.81, 0.84, and 0.70 for the Model for End-Stage

Liver Disease categories 25–28, 20–24, 15–19, 6–14, respectively, p <

0.05). Adjusted posttransplant survival was better for those with ALD

(adjusted hazard ratio = 0.81, p < 0.05). Waiting list and posttransplant

mortality tended to improve more for those with ALD since the implemen-

tation of AC but not significantly. ALD is a growing indication for liver

transplantation. Although patients with ALD continue to have excellent
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posttransplant outcomes and lower waitlist mortality, candidates with ALD

have higher adjusted transplant rates, and these differences have increased

after AC implementation.

INTRODUCTION

The success of liver transplantation (LT) coupled with
improved organ donation rates has resulted in a significant
increase in the number of LTs performed annually in the
United States (6342 in 2011 to 9236 in 2021).[1] The
landscape for LT in the United States has also dramat-
ically changed in the last decade.[2] Due to the advance-
ment of antiviral treatments, LT for hepatitis C has
declined.[2] At the same time, an increase in excessive
alcohol consumption has increased the incidence of
alcohol-associated liver disease (ALD) in the past
decade.[2–4] In 2017, ~2 million individuals in the United
States had alcohol-associated cirrhosis.[5] Although the
exact incidence of alcohol-associated hepatitis is not well
known, the prevalence is increasing, particularly among
young adults and women, particularly during the COVID-
19 pandemic.[4,6–8] The success of LT for acute alcohol-
associated hepatitis and in patients with <6 months of
sobriety has been described by several authors.[8–24]

Thus, more patients with ALD are being referred for
LT,[3] and a recent report from the Scientific Registry for
Transplant Recipients (SRTR) notes ALD is the leading
indication for adult LT in the United States (Figure 1).[2]

The new liver allocation policy—Acuity Circles (ACs)—
was implemented on February 4, 2020, and was designed
to reduce the variation in the median Model for End-Stage
Liver Disease (MELD) score at transplant between donor
service areas in the United States. On a national level, the
data suggest that the AC policy has been effective in
achieving the goals of increasing the access of patients

with the highest MELD scores to transplants, but not much
is known about how it impacted specific disease
categories, particularly in light of the ongoing increases
in LT for patients with ALD.[2,25,26]

The goals of this study were twofold. First, we
investigate differences in the transplant rate, waiting list
outcomes, and posttransplant survival between candi-
dates and recipients with and without ALD, specifically to
understand how the surge in LT for ALD has affected other
patients with other primary diagnosis categories including
(i) MASLD, (ii) HBV + HCV, (iii) malignant neoplasms
(predominantly HCC), (iv) other causes of cirrhosis, and
(v) all other diseases in both unadjusted and adjusted
models. Second, we sought to assess how differences
changed after the implementation of the AC allocation
policy. We hypothesized that the AC allocation policy,
which sought to increase the access to transplants for
those with the highest MELDs, would lead to greater
improvements in unadjusted transplant rate and declines
in the unadjusted waiting list mortality for those with ALD
compared to non-ALD etiologies but similar changes once
adjusted for MELD and other candidate characteristics.

METHODS

Data source and inclusion and exclusion
criteria

The study used data from the SRTR. The SRTR data
system includes data on all donors, waitlisted

By Primary Disease
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F IGURE 1 Number of liver transplants performed by year and by recipient diagnosis category among adults, deceased-donor, first liver
transplant alone, or recipients of simultaneous liver-kidney in the United States.
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candidates, and recipients of transplant in the United
States submitted by the members of the Organ
Procurement and Transplantation Network (OPTN).
The Health Resources and Services Administration
(HRSA), US Department of Health and Human Services
provides oversight to the activities of the OPTN and
SRTR contractors. This study was exempted from IRB
approval.

We compared waitlist dynamics and posttransplant
survival among those with ALD and non-ALD and
assessed how those comparisons changed with the
implementation of AC allocation. We included all adult
(≥ 18 y old), candidates/recipients of first-deceased-
donor LT who were actively listed/transplanted during
the post-AC era (February 4, 2020, through March 1,
2022) and an equivalent length of time from before AC
was implemented (pre-AC, January 8, 2018, through
February 3, 2020). We excluded multiorgan listings/
recipients except for simultaneous liver-kidney
transplants.

Descriptive statistics

We defined candidates/recipients with “alcohol-associ-
ated cirrhosis” (with or without hepatitis C) and “alcohol-
associated hepatitis ” for the primary diagnosis causing
liver failure as having ALD. We summarized continuous
and categorical characteristics of candidates/recipients
by liver disease grouping (alcohol-associated cirrhosis,
alcohol-associated hepatitis, and non-ALD) using mean
(SD) and frequency (percentage), respectively. Differ-
ences in the distribution of the covariates between
these groups were summarized using standardized
mean difference.

Transplant rates

We used Poisson regression on data from those on the
waitlist during the study period to compare the
incidence rate of LT by liver disease grouping before
and after AC implementation. We considered both
unadjusted models and models that adjusted for
allocation MELD and other candidate characteristics.
For the adjusted models, we assessed how the effect of
liver disease grouping changed with AC implementation
within different MELD categories (6–14, 15–19, 20–24,
25–28, 29–32, 33–37, and 37–40, Status 1A). That is,
the model included terms for liver disease grouping,
MELD category, era (before and after AC), and all 2-
way and 3-way interactions of these terms. MELD
category and era were allowed to vary over time; thus,
the offset in the model was the total time on the waitlist
within a MELD category during an allocation era. We
also adjusted for relevant candidate characteristics that
affect transplant rate, including candidate age, sex,

race/ethnicity, ABO blood group, height, body mass
index, insurance status (private insurance vs. public/
other), educational status (some college or higher vs.
high school or less), diabetes, history of malignancy, life
support, ascites, dialysis status, simultaneous liver-
kidney transplant listing, and listing center.[27–30] Ascites
and dialysis were allowed to vary over time. To flexibly
model the nonlinear association, we used restricted
cubic spline basis expansion for height and age. Based
on the fitted model, we estimated the adjusted
transplant rate within each era, MELD, and liver disease
category (ie, the predicted rate for each era, MELD, and
liver disease category averaged across each individu-
al’s covariate values). In addition, we summarized
differences between the transplant rates of candidates
with ALD and without ALD by estimating the adjusted
incidence rate ratio (aIRR) of transplants within era and
MELD categories.

Waiting list mortality, removal due to
deterioration, and removal due to
improvement

We estimated the cumulative incidence of (i) removal
from the waitlist due to deterioration or death and (ii)
removal due to improvement between liver disease
groupings with Nelson-Aalen estimators and compared
the cumulative incidence between groups using a Fine-
Gray regression (competing-risk analogs of the Kaplan-
Meier estimator and Cox proportional hazards model,
respectively). Transplantation was considered a com-
peting risk. Follow-up in the model was censored at
removal for other reasons or on March 1, 2022,
whichever was earlier. We considered unadjusted
models (which included just liver disease grouping,
AC era, and their interaction) and models adjusting for
the same factors in the transplant rate models.[27,28,31,32]

We assessed whether the effect of liver disease
grouping on waitlist mortality differed by AC era and
allocation MELD category by including both 2-way and
3-way interactions between liver disease grouping,
MELD category, and AC era. Within each era, MELD,
and liver disease category, we summarized differences
between recipients with ALD and without ALD using the
adjusted subdistribution hazard ratio (aSHR).

Posttransplant survival

We estimated the posttransplant survival by liver
disease grouping and AC era using Kaplan-Meier
estimators. Proportional hazard models were used to
compare the posttransplant survival by liver disease
grouping. Follow-up was censored at the last known
follow-up the recipient had with the transplant center. In
addition to unadjusted models, we fit models adjusting

LANDSCAPE OF LIVER TRANSPLANTATION FOR PATIENTS WITH ALD | 3

© 2024 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/lt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 06/25/2024



for relevant characteristics of the recipient (character-
istics included in the models for transplant rate as well
as medical condition [not hospitalized, hospitalized, and
in intensive care], history of transjugular intrahepatic
portacaval stent shunt and PVT), donor (age, sex, race,
donation after cardiac death, cause of death, insulin
use, and ratio of height to recipient), and procedure
(ischemia time, procedure type [whole, partial, or split
liver], and year of transplant) variables.[27,28,33–35]

Transplant center was included as a random effect.
As with other outcomes, we examined whether or not
differences in survival between liver disease grouping
and posttransplant survival differed before and after AC
implementation.

MELD trajectory

To better understand the waitlist dynamics and changes
in liver function after listing, we modeled the longitudinal
trajectory of laboratory MELD on the waitlist by disease
group (alcohol-associated cirrhosis vs. alcohol-associ-
ated hepatitis vs. non-ALD) using linear mixed-effect
models. We included a natural cubic spline basis
expansion (with 3 internal knots) for time since listing
to flexibly model the trajectory, and we allowed both the
intercept and the trajectory to vary by disease group.
Random effects were included for both the intercept and
the basis expansion of time. Based on the fitted model,
we estimated the average longitudinal trajectory within
each disease group.

General statistical principles

For all models, we imputed missing covariate informa-
tion using the full conditional specification (multivariate
imputation by chained equations). We imputed 5
complete data sets; parameter estimates from each of
the complete data sets were combined by using Rubin’s
combining rules.

For each model, we, in general, compared all
candidates/recipients with ALD to all non-ALD. We then
examined subgroups of ALD (alcohol-associated cir-
rhosis and alcohol-associated hepatitis) in comparison
to all non-ALD before comparing outcomes for those
with alcohol-associated cirrhosis and alcohol-associ-
ated hepatitis to different subgroups of the primary
diagnosis causing liver failure among those with non-
ALD including (i) MASLD, (ii) HBV + HCV, (iii) malignant
neoplasms (predominantly HCC), (iv) other causes of
cirrhosis, and (v) all other primary diagnosis.

For all statistical analyses, we used SAS version 9.4
(SAS System) or R version 4.1.1 (R Foundation for
Statistical Computing). All statistical tests were 2-sided
with p < 0.05 indicating statistical significance. Given
the large sample size, no variable selection was

performed; covariates for adjustment were selected
a priori based on clinical judgment and a review of
published risk-adjusted models from the SRTR and
other groups cited above.[27–35]

RESULTS

Candidates and recipients

During the study period, 49,466 candidates for trans-
plant were listed and met the inclusion and exclusion
criteria, 24,614 (49.8%) in the pre-AC era and 24,852
(50.2%) in the post-AC era. Listed candidates with
alcohol-associated cirrhosis increased from 7820
(31.7% of pre-AC total) to 9197 (37.0% of post-AC
total) and with alcohol-associated hepatitis increased
from 308 (1.3%) to 602 (2.4%), whereas the number of
listed candidates with non-ALD decreased from 16,486
(67.0%) to 15,053 (60.6%). In general, candidates with
alcohol-associated cirrhosis and alcohol-associated
hepatitis were more likely to be younger (mean age
53, 43, and 58 years for alcohol-associated cirrhosis,
alcohol-associated hepatitis, and non-ALD, respec-
tively), male (70.6%, 65.7%, and 58.0%), White
(75.2%, 79.5%, and 67.6%), listed at higher MELD
(11.1%, 52.3%, and 4.3% listed at MELD 37–40), and
have moderate ascites (38.8%, 52.3%, and 22.3%)
(Table 1A and Supplemental Table S1, http://links.lww.
com/LVT/A589).

The number of recipients with alcohol-associated
cirrhosis and alcohol-associated hepatitis meeting inclu-
sion/exclusion criteria also increased from the pre-AC
era to the post-AC era (4473 [29.7% of pre-AC total] vs.
5922 [37.2% of post-AC total] and 205 [1.4%] vs. 474
[3.0%], respectively), whereas the number of recipients
without ALD declined (10,360 [68.9%] vs. 9522 [59.8%]).
Differences in the characteristics of recipients with ALD
and without ALD were in general similar to the patterns
observed with candidates (Table 1B). Donor
characteristics were generally similar between
recipients with ALD and without ALD (Table 1B and
Supplemental Table S1, http://links.lww.com/LVT/A589).

Transplantation rate

A total of 60,729 candidates for LT were active during
the study period and contributed 39,367 person-years
on the waitlist. In the pre-AC era, unadjusted transplant
rates were 2.1 transplants/1000 waitlist person-days for
candidates with ALD compared to 1.9 transplant/1000
waitlist person-days for candidates without ALD. After
AC implementation, the difference in unadjusted trans-
plant rates between candidates with ALD and without
ALD increased (2.9 vs. 2.1 transplants/1000 waitlist
person-days). Figure 2 summarizes the adjusted
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TABLE 1 Summary of key candidate, recipient, and donor characteristics comparing those with alcohol-associated cirrhosis, alcohol-
associated hepatitis, and other non-ALD primary diagnoses meeting the inclusion and exclusion criteria

Alcohol-associated

Variable Levels Cirrhosis Hepatitis Non-ALD SMD

(A) Candidate characteristics

n 17,017 910 31,539

Listed organs, n (%) LTA 15,670 (92.1) 876 (96.3) 29,033 (92.1) 0.12

SLK 1347 (7.9) 34 (3.7) 2506 (7.9)

Age (years) 53 (10) 43 (10) 58 (12) 0.944

Sex, n (%) Female 5001 (29.4) 312 (34.3) 13,388 (42.4) 0.183

Male 12,016 (70.6) 598 (65.7) 18,151 (57.6)

Race/ethnicity, n (%) American Indian/Alaska Native 234 (1.4) 25 (2.7) 264 (0.8) 0.299

Asian 285 (1.7) 29 (3.2) 1757 (5.6)

Black/African American 721 (4.2) 39 (4.3) 2544 (8.1)

Hispanic/Latino 2867 (16.8) 89 (9.8) 5569 (17.7)

Multiracial 95 (0.6) 5 (0.5) 201 (0.6)

Native Hawaiian/Pacific Islander 10 (0.1) 0 (0.0) 83 (0.3)

White 12,805 (75.2) 723 (79.5) 21,121 (67.0)

Insurance status, n (%) Public insurance/Other 8084 (47.5) 341 (37.5) 16,034 (50.8) 0.181

Private insurance 8933 (52.5) 569 (62.5) 15,505 (49.2)

MELD, n (%) Status 1A 12 (0.1) 10 (1.1) 931 (3.0) 1.393

MELD 6–14 3237 (19.0) 18 (2.0) 12,465 (39.5)

MELD 15–19 3225 (19.0) 23 (2.5) 6144 (19.5)

MELD 20–24 3038 (17.9) 39 (4.3) 4679 (14.8)

MELD 25–28 1927 (11.3) 63 (6.9) 2274 (7.2)

MELD 29–32 1831 (10.8) 107 (11.8) 1657 (5.3)

MELD 33–36 1370 (8.1) 154 (16.9) 1027 (3.3)

MELD 37–40 1894 (11.1) 476 (52.3) 1350 (4.3)

Temp inactive 483 (2.8) 20 (2.2) 1012 (3.2)

Albumin (g/dL) 3.2 (0.6) 3.1 (0.7) 3.3 (0.7) 0.205

Ascites, n (%) Absent 1948 (11.5) 110 (12.1) 10,749 (34.1) 0.44

Slight 8452 (49.7) 403 (44.3) 13,723 (43.5)

Moderate 6604 (38.8) 397 (43.6) 7042 (22.3)

Bilirubin (mg/dL) 8.0 (9.7) 25.4 (13.0) 5.1 (7.9) 1.248

Dialysis, n (%) No 14,879 (87.5) 593 (65.2) 29,103 (92.3) 0.47

Yes 2134 (12.5) 317 (34.8) 2419 (7.7)

Encephalopathy None 4229 (24.9) 216 (23.7) 14,069 (44.6) 0.378

1–2 10,740 (63.2) 519 (57.0) 14,958 (47.5)

3–4 2035 (12.0) 175 (19.2) 2487 (7.9)

INR 1.88 (0.82) 2.32 (0.87) 1.64 (1.02) 0.496

Creatinine (mg/dL) 1.56 (1.37) 2.59 (1.99) 1.39 (1.38) 0.476

Sodium (mEq/L) 135 (5) 135 (5) 137 (5) 0.262

Life support, n (%) No 16,315 (95.9) 802 (88.1) 30,129 (96.9) 0.226

Yes 698 (4.1) 108 (11.9) 978 (3.1)

BMI (kg/m2) 28.4 (5.9) 29.3 (6.4) 29.7 (6.4) 0.143

Diabetes mellitus, n (%) No 13,956 (82.2) 843 (92.7) 19,649 (63.3) 0.506

Yes 3031 (17.8) 66 (7.3) 11,403 (36.7)

Acuity circle era Pre-AC 7820 (46.0) 308 (33.8) 16,486 (52.3) 0.252

Post-AC 9197 (54.0) 602 (66.2) 15,053 (47.7)
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TABLE 1 . (continued)

Alcohol-associated

Variable Levels Cirrhosis Hepatitis Non-ALD SMD

(B) Recipient and donor characteristics

n 10,395 679 19,882

Transplanted organs, n (%) LTA 9448 (90.9) 656 (96.6) 18,054 (90.8) 0.161

SLK 947 (9.1) 23 (3.4) 1828 (9.2)

Recipient characteristics

Age (y) 53 (10) 42 (10) 58 (11) 0.998

Sex, n (%) Female 2891 (27.8) 230 (33.9) 7988 (40.2) 0.175

Male 7504 (72.2) 449 (66.1) 11,894 (59.8)

Race/ethnicity, n (%) American Indian/Alaska Native 143 (1.4) 17 (2.5) 175 (0.9) 0.264

Asian 182 (1.8) 18 (2.7) 1091 (5.5)

Black/African American 473 (4.6) 29 (4.3) 1740 (8.8)

Hispanic/Latino 1665 (16.0) 78 (11.5) 3373 (17.0)

Multiracial 58 (0.6) 5 (0.7) 118 (0.6)

Native Hawaiian/Pacific Islander 7 (0.1) 0 (0.0) 55 (0.3)

White 7867 (75.7) 532 (78.4) 13,330 (67.0)

Insurance status, n (%) Public insurance/other 4982 (47.9) 257 (37.8) 10,676 (53.7) 0.214

Private insurance 5413 (52.1) 422 (62.2) 9206 (46.3)

MELD, n (%) Status 1A 9 (0.1) 5 (0.7) 660 (3.3) 1.124

MELD 6–14 313 (3.0) 6 (0.9) 858 (4.3)

MELD 15–19 1160 (11.2) 10 (1.5) 2257 (11.4)

MELD 20–24 1688 (16.2) 12 (1.8) 3596 (18.1)

MELD 25–28 1358 (13.1) 15 (2.2) 4456 (22.4)

MELD 29–32 1923 (18.5) 69 (10.2) 3794 (19.1)

MELD 33–36 1575 (15.2) 113 (16.6) 1976 (9.9)

MELD 37–40 2369 (22.8) 449 (66.1) 2284 (11.5)

Temp inactive 0 (0.0) 0 (0.0) 1 (0.0)

Albumin (g/dL) 3.2 (0.7) 3.0 (0.7) 3.2 (0.7) 0.224

Ascites, n (%) Absent 1137 (10.9) 71 (10.5) 5908 (29.7) 0.371

Slight 4494 (43.2) 281 (41.4) 8225 (41.4)

Moderate 4764 (45.8) 327 (48.2) 5746 (28.9)

Bilirubin (mg/dL) 10.7 (11.1) 25.9 (12.7) 7.4 (10.1) 1.071

Dialysis, n (%) No 8038 (77.3) 343 (50.5) 17,014 (85.6) 0.536

Yes 2357 (22.7) 336 (49.5) 2865 (14.4)

Encephalopathy, n (%) None 2448 (23.5) 157 (23.1) 8116 (40.8) 0.319

1–2 6138 (59.0) 367 (54.1) 9495 (47.8)

3–4 1809 (17.4) 155 (22.8) 2268 (11.4)

INR 2.18 (1.17) 2.39 (0.91) 1.89 (1.42) 0.277

Creatinine (mg/dL) 1.74 (1.45) 2.68 (1.96) 1.56 (1.48) 0.436

Sodium (mEq/L) 134 (5) 136 (5) 136 (5) 0.239

Life support, n (%) No 9026 (89.3) 523 (78.6) 18,006 (93.0) 0.282

Yes 1087 (10.7) 142 (21.4) 1355 (7.0)

BMI (kg/m2) 28.3 (5.9) 28.9 (6.3) 29.5 (6.3) 0.131

Diabetes mellitus (at listing), n (%) No 8626 (83.1) 628 (92.8) 12,528 (63.4) 0.506

Yes 1758 (16.9) 49 (7.2) 7245 (36.6)

Acuity circle era, n (%) Pre-AC 4473 (43.0) 205 (30.2) 10,360 (52.1) 0.303

Post-AC 5922 (57.0) 474 (69.8) 9522 (47.9)

Donor characteristics

Age (y) 41 (15) 39 (14) 42 (16) 0.126
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transplant rates (adjusted for factors listed in the
Transplant rates section) by MELD category, liver
disease group, and AC era. Among those waiting with
a current allocation MELD in the highest categories (ie,
37–40, 33–36, 29–32, and 25–28), adjusted transplant
rates pre-AC were significantly higher for those with
ALD. Specifically, in the pre-AC era, the ratios of the
adjusted rates (ie, aIRR) of ALD to non-ALD were 1.07
(95% CI, 0.98–1.16), 1.31 (95% CI,1.19–1.45), 1.34
(95% CI,1.24–1.47), and 1.14 (95% CI, 1.05–1.25) for
allocation MELD 37–40, 33–36, 29–32, and 25–28,
respectively. Across all MELD and primary disease
categories, the rate of transplantation increased in the
post-AC era. For example, transplant rates increased
from 111.7 to 135.9 transplants per 1000 person-days
among candidates without ALD and from 119.4 to 162.9
transplants per 1000 person-days among candidates
with ALD with a MELD 37–40. Among those in MELD
categories 37–40, 29–32, and 25–28, differences in the
transplant rate between ALD and non-ALD were
increased after AC implementation (interaction p <
0.05 for each MELD category); that is, the aIRR of ALD
to non-ALD increased after AC implementation. For
example, the aIRR increased to 1.20 (95% CI,
1.11–1.30), 1.61 (95% CI, 1.50–1.74), and 1.32 (95%
CI, 1.22–1.45) for MELD categories 37–40, 29–32, and
25–28, respectively, after AC implementation. Interest-
ingly, the aIRR of ALD to non-ALD decreased after AC

implementation for MELD 33–36 to 1.13 (95% CI,
1.03–1.24).

The findings were generally consistent when com-
paring candidates with alcohol-associated cirrhosis and
alcohol-associated hepatitis to non-ALD separately
(Supplemental Figure S1, http://links.lww.com/LVT/
A589) particularly for MELD categories 37–40, 33–36,
and 29–32. However, very few candidates with alcohol-
associated hepatitis have MELD scores <29 leading to
wide confidence intervals comparing transplant rates for
alcohol-associated hepatitis to non-ALD for the lower
MELD categories. In general, candidates with alcohol-
associated cirrhosis and alcohol-associated hepatitis
demonstrated consistently higher adjusted transplant
rates compared to all subgroups of candidates without
ALD (Supplemental Figure S2, http://links.lww.com/
LVT/A589).

Waitlist mortality and removal due to
deterioration

The cumulative 90-day and 1-year incidence of death
on the waiting list or removal from the list due to
deterioration in the pre-AC era was 6.2% and 10.8%,
respectively, for candidates with ALD and 5.8% and
13.4% for non-ALD. After AC implementation, this
cumulative incidence declined to 5.7% and 9.1%,

TABLE 1 . (continued)

Alcohol-associated

Variable Levels Cirrhosis Hepatitis Non-ALD SMD

Sex, n (%) Female 3840 (36.9) 248 (36.5) 7845 (39.5) 0.04

Male 6555 (63.1) 431 (63.5) 12,037 (60.5)

BMI (kg/m2) 28.6 (6.8) 27.3 (5.3) 28.3 (6.8) 0.141

Cause of death, n (%) Anoxia 4664 (44.9) 320 (47.1) 8809 (44.3) 0.062

Cerebrovascular/stroke 2695 (25.9) 165 (24.3) 5474 (27.5)

Head trauma 2772 (26.7) 180 (26.5) 5130 (25.8)

CNS tumor 36 (0.3) 3 (0.4) 66 (0.3)

Other 228 (2.2) 11 (1.6) 403 (2.0)

Donation after cardiac death, n (%) No 9392 (90.4) 665 (97.9) 17,785 (89.5) 0.237

Yes 1003 (9.6) 14 (2.1) 2097 (10.5)

Hypertension, n (%) No 6655 (64.8) 473 (70.7) 12,479 (63.6) 0.101

Yes 3608 (35.2) 196 (29.3) 7142 (36.4)

Insulin use, n (%) No 5048 (49.3) 331 (49.4) 9509 (48.5) 0.012

Yes 5196 (50.7) 339 (50.6) 10,104 (51.5)

Creatinine (mg/dL) 1.84 (1.98) 1.75 (2.01) 1.80 (1.91) 0.028

Cold ischemia time (h) 5.92 (1.98) 5.94 (1.87) 5.95 (2.11) 0.012

Procedure type, n (%) Whole liver 10,301 (99.1) 675 (99.4) 19,634 (98.8) 0.05

Partial liver 4 (0.0) 0 (0.0) 6 (0.0)

Split liver 90 (0.9) 4 (0.6) 242 (1.2)

Recipient/donor height ratio 1.01 (0.08) 1.02 (0.09) 1.00 (0.09) 0.145

Note: Summary of all variables used for adjustment is available in the Supplemental Materials, http://links.lww.com/LVT/A589.
Abbreviations: BMI, body mass index; LTA, liver transplant alone; SLK, simultaneous liver-kidney transplant; SMD, standardized mean difference.
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respectively, for candidates with ALD but nearly
unchanged to 5.7% and 13.4% for those without ALD
(Figure 3). Figure 4 summarizes the aSHR comparing
candidates with ALD to those without ALD by MELD
category and AC era. Across the lower MELD
categories at listing (ie, 6–14, 15–19, 20–24, 25–28),
the adjusted cumulative incidence of death on the
waitlist or removal due to deterioration was higher for
candidates without ALD than for candidates with ALD
(ie, the aSHR <1.0). In general, for most of these lower
MELD categories, the point estimate of the aSHR
declined in the post-AC era (ie, there was a greater
magnitude of differences in waitlist mortality), but
differences in the effect of liver disease group were
not significant between eras (ie, interaction p > 0.05).
Pooling the estimate across AC eras, the aSHR was

0.70 (95% CI, 0.57–0.84) for listing MELD 25–28, 0.81
(95% CI, 0.70–0.94) for listing MELD 20–24, 0.84 (95%
CI, 0.73–0.96) for listing MELD 15–19, and 0.70 (95%
CI, 0.61–0.80) for listing MELD 6–14 (Supplemental
Figure S3, http://links.lww.com/LVT/A589). Point esti-
mates were generally similar when comparing candi-
dates with alcohol-associated cirrhosis with non-ALD
and alcohol-associated hepatitis with non-ALD (Sup-
plemental Figure S3, http://links.lww.com/LVT/A589
and Supplemental Figure S4, http://links.lww.com/LVT/
A589). However, the relatively few numbers of candi-
dates with alcohol-associated hepatitis listed at MELDs
<25 leads to very large confidence intervals.

The 90-day and 1-year incidence of removal from the
list due to improvement was 0.13% and 1.8% for
candidates with ALD and 0.64% and 1.6% for

Adjusted Transplant Incidence Rate Ratio for ALD vs. non-ALD (reference)
Rate

MELD Era Non-ALD ALD Interaction p
37-40

33-36

29-32

25-28

20-24

15-19

6-14

Status 1A

pre-AC 111.7 119.4 0.05
post-AC 135.9 162.9

post-AC 98.2 111.3

post-AC 33.8 54.5

post-AC 8.9 11.9

post-AC 4.4 5.1

post-AC 1.4 1.5

post-AC 0.2 0.2

post-AC 201.6 202.9

pre-AC 40.7 53.5 0.03

pre-AC 15.3 20.6 0.001

pre-AC 8.3 9.5 0.02

pre-AC 3.8 4.2 0.24

pre-AC 1.4 1.4 0.51

pre-AC 0.1 0.1 0.74

pre-AC 171.8 112.0 0.38

0.50
Values > 1.0 Indicate Higher Transplant Rate for ALD

0.67 1.0 1.33 1.5 2.0

Rate

F IGURE 2 Table of adjusted transplant rates by MELD category, liver disease group, and acuity circles era and forest plot of adjusted
transplant rate ratio with 95% CI comparing candidates with ALD to candidates without ALD (reference). Rates are adjusted for candidate factors
impacting organ offers and suitability and are described in the Transplant rates section. Abbreviations: ALD, alcohol-associated liver disease;
MELD, Model for End-Stage Liver Disease.
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Adult, deceased-donor, first liver transplant alone or SLK recipients

p < 0.001
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non-ALD Pre-AC
non-ALD Post-AC

ALD Post-AC
ALD Pre-AC

F IGURE 3 Cumulative incidence of removal from the waiting list due to (a) death or deterioration and (b) improvement by liver disease group
and acuity circles era.
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candidates without ALD in the pre-AC era. These
percentages modestly increased for candidates with
ALD in the AC era to 0.17% and 2.4% and for
candidates without ALD to 0.65% and 1.8% (Figure 3).

Posttransplant survival

Overall, the 90-day and 1-year posttransplant survival
for recipients with ALD was 97.3% and 94.5%, and for
recipients without ALD was 96.3% and 93.0% in the
pre-AC era. In the post-AC era, posttransplant survival
at 90 days and 1 year was 97.0% and 94.2% for
recipients with ALD and 95.5% and 90.7% without ALD
(Figure 5). Overall, averaged over the follow-up period,
posttransplant survival was better for those with ALD
(adjusted hazard ratio [aHR] = 0.81, 95% CI,
0.74–0.90). This difference was consistent when
follow-up was limited to 1 year (aHR = 0.77, 95% CI,
0.69–0.87) and when examining 1-year survival con-
ditioned on surviving 90 days after transplant (aHR =
0.78, 95% CI, 0.65–0.92). The difference in adjusted
posttransplant survival between ALD and non-ALD was
somewhat exacerbated after the implementation of AC.
Specifically, in the pre-AC era, the aHR for ALD
compared to non-ALD for overall survival, 1-year
survival, and 1-year survival conditioned on surviving
90 days was 0.87 (95% CI, 0.78–0.98), 0.85 (95% CI,
0.73–0.99), and 0.90 (95% CI, 0.73–1.12), respectively.
The magnitude of the effect increased to 0.72 (95%

CI, 0.63–0.84, interaction p = 0.04 ), 0.70 (95% CI,
0.60–0.83, interaction p = 0.08), and 0.63 (95% CI,
0.49–0.82, interaction p = 0.03) for overall survival, 1-
year survival, and 1-year survival conditioned on
surviving 90 days after the implementation of AC,
respectively.

Point estimates for the comparison of alcohol-
associated cirrhosis to non-ALD and alcohol-associated
hepatitis to non-ALD on adjusted overall survival, 1-year
survival, and 1-year survival conditioned on 90-day
survival were generally similar but the CIs for alcohol-
associated hepatitis were wide (Supplemental Figure
S5, http://links.lww.com/LVT/A589). Adjusted posttrans-
plant survival was significantly higher for alcohol-
associated cirrhosis compared to each subgroup of
non-ALD (Supplemental Figure S6, http://links.lww.com/
LVT/A589). Point estimates for comparing alcohol-
associated hepatitis to each subgroup of non-ALD on
posttransplant survival favored alcohol-associated hep-
atitis but CIs were wide and nonsignificant (Supple-
mental Figure S6, http://links.lww.com/LVT/A589).

Laboratory MELD trajectory

In general, the longitudinal trajectory of laboratory
MELD differed substantially among liver disease groups
(Figure 6). The laboratory MELD at listing was
significantly higher on average for ALD with acute
hepatitis (35.9; 95% CI, 35.3–36.6) and cirrhosis (23.8;

MELD
37-40

33-36

29-32

25-28

20-24

15-19

6-14

0.11pre-AC
post-AC
pre-AC
post-AC
pre-AC
post-AC
pre-AC
post-AC
pre-AC
post-AC
pre-AC
post-AC
pre-AC
post-AC

0.80

0.13

0.59

0.34

0.61

0.60

0.50 0.67 1.0 1.33 1.5 2.0

Era Interaction p

Values < 1.0 Indicate Lower Death/Removal Rate for ALD

Adjusted Subdistribution Hazard Ratio ALD vs. non-ALD (reference)
For Removal from Waiting List for Death/Deterioriation

F IGURE 4 Forest plot of adjusted subdistribution HR with 95% CI comparing candidates with ALD to candidates without ALD (reference) by
MELD category at listing and acuity circles era. Rates are adjusted for candidate factors impacting organ offers and waiting list mortality and are
described in the waiting list mortality, removal due to deterioration, and removal due to improvement section. Abbreviations: ALD, alcohol-
associated liver disease; MELD, Model for End-Stage Liver Disease.
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95% CI, 23.7–24.0) than for non-ALD (18.5; 95%
CI,18.4–18.6). These differences were sustained over
the first 180 days of listing, but the average changes
from the listing MELD differed significantly among
groups (p < 0.001). In particular, the average MELD
declined for those with alcohol-associated hepatitis
(32.0 at 180 days after listing, 95% CI, 30.8–33.2) but
increased for those with non-ALD (20.6, 95% CI,
20.5–20.7) and was relatively consistent for alcohol-
associated cirrhosis (24.6, 95% CI, 24.4–24.8).

We found that candidates with alcohol-associated
cirrhosis and hepatitis had higher laboratory average
MELD over the first 180 days of listing when comparing
to each subgroup of non-ALD with the exception that
candidates with alcohol-associated cirrhosis and other
non-ALD had nearly identical trajectories (Supplemental
Figure S7, http://links.lww.com/LVT/A589).

DISCUSSION

In the present study, we examined the transplant rates,
waiting list outcomes, and posttransplant survival of
patients with ALD and assessed how those differences
changed after the implementation of the AC liver allocation
policy on LT and compared to patients without ALD.

Transplantation rates

We found that patients with ALDs have higher rates of
transplantation even after adjusting for patient urgency
(eg, MELD) and other factors related to organ
availability (eg, transplant center and ABO blood
type). These adjusted differences in transplant rate
tended to increase after the implementation of AC liver
allocation. The findings were broadly consistent
across different subgroups of ALD (alcohol-associated
cirrhosis and alcohol-associated hepatitis) and in
comparison, to different subgroups of non-ALD
(HBV/HCV, malignancy, MASLD, and other cirrhosis).
For most donations after brain death, after prioritizing
compatible Status 1A and 1B candidates within 500
nautical miles of the donor hospital, AC prioritizes
candidates with the highest medical urgency (ie,
MELD scores 37–40) first within 150 nautical miles
of the donor hospital and then 250 and 500 nautical
miles before prioritizing lower candidates with lower
medical urgency (ie, MELD 34–36, 29–33, etc.) up to
500 nautical miles away. This change in allocation
gives patients with MELD scores of 29–34 much
wider access than patients with MELD scores of
15–28. Patients with ALD have higher MELD scores
at listing and consistently maintain their higher
trajectory scores (Figure 6). This advantages them
for liver offers, thus resulting in an increase in
unadjusted transplantation rate for ALD after AC
implementation (unadjusted transplant rate 2.1 vs.
2.9 transplants/1000 waitlist person-days before and
after AC) but relatively stagnant unadjusted
transplantation rate for non-ALD. Kwon et al[36]

reported a similar dramatic increase in deceased-
donor LTs for alcohol-associated hepatitis in Korea
after the implementation of an allocation system that
prioritized patients with the highest MELD. These data
suggest that the AC model of liver allocation is
functioning well and allocating livers to the sickest
patients (as determined by a higher MELD score).

However, why candidates with ALD have higher
adjusted rates of transplantation (ie, adjusting for MELD
and other characteristics including transplant center)
and why this difference has increased with the latest
changes to the liver allocation system is not clear, but
further studies are needed to understand this difference
in adjusted transplantation rates. Perhaps, there is a
perception that patients with ALD are technically easier,
have lesser comorbidities (have lower rates of diabetes,
PVT, TIPS, and previous abdominal surgery), and have
superior survival and, therefore, are more likely to be
selected for transplant than patients with the same
score, similar position on the waitlist, and different
etiologies. In addition, patients with ALD are frequently
hospitalized before transplant which may facilitate
placement of an organ offer that is made outside of
the match run due to, for example, a late turndown.

1.000

0.975

0.950

0.925

Adult, deceased-donor, first liver transplant alone or SLK recipients

Post-transplant Survival
1.000

0.975

0.950

0.925
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ALD Pre-AC
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F IGURE 5 Posttransplant survival by liver disease group and
acuity circles era.
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F IGURE 6 The longitudinal trajectory of average laboratory MELD
with pointwise 95% CIs among liver disease groups.
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Waitlist mortality and removal

We also found that ALD candidates and recipients
had decreased waitlists (for those listed in MELD
categories <28) in both unadjusted models and
models adjusted for relevant candidate/recipient and
donor characteristics. These differences in outcomes
were generally greater in the AC era. Differences in
transplant rates may be driving differences in the
proportion dying on the waitlist between those with
ALD and non-ALD even after adjusting for candidate
characteristics (Figure 4). In particular, higher
rates for candidates with ALD at higher MELD
scores might enable those candidates with ALD
listed at lower MELD scores who then rapidly
deteriorate to receive a donor organ before dying
on the waiting list. In addition, patients with ALD might
be more likely to avoid the progressive sarcopenia
and frailty associated with refractory ascites due to
shorter waitlist periods thus improving posttransplant
survival.

It is important to note that the average MELD score
declined for patients with alcohol-associated hepatitis
while they were on the waiting list, suggesting that this
improvement in liver function could be from the alcohol
abstinence, and perhaps there is an urgent need to
improve recipient evaluation criteria beyond MELD for
alcohol-associated hepatitis to identify patients who
are likely to improve and, thus, do not need LTs.
Bittermann et al,[7] similar to our study, analyzed
transplantation trends in patients with alcohol-associ-
ated hepatitis, compared to patients listed with MELD
≥ 30, and noted that patients with alcohol-associated
hepatitis had a higher transplantation rate and lower
waitlist mortality. Interestingly, patients with alcohol-
associated hepatitis only had a 3.3% delisting due to
improvement.

Posttransplant survival

Patients with ALD have posttransplant outcomes
similar to or better than those of patients undergoing
LT for other indications. We surmise that there are
several potential explanations. Perhaps this improved
survival reflects an improvement in patient selection
(patients with ALD have lower rates of diabetes, PVT,
TIPS, and previous abdominal surgery). The differ-
ence in improved survival of patients with ALD was
exacerbated after the implementation of AC, perhaps
reflecting that the shorter prelisting times may also
have led to fewer consequences such as less frailty,
sarcopenia, or malnutrition. Better perioperative multi-
disciplinary management to reduce the risk of alcohol
use disorder relapse may also have contributed to
better survival thus validating the indication of LT for
ALD.[23]

Potential implications of our findings

Accurate assessment of the prevalence of ALD in the
United States is challenging due to underreporting. A
recent study reviewing data from 2015 through 2019
estimated that mean annual deaths due to excessive
alcohol use were 43.2 per 100,000 population, with
22,472 deaths attributed annually to ALD.[37] For severe
alcohol-associated hepatitis, the current therapies other
than LT have suboptimal results.[38] Concurrent with this
increase in deaths due to excessive alcohol use, there
has been a greater acceptance of treating patients with
ALD undergoing LT.[39] A recent survey of transplanta-
tion centers in the United States showed that over 70%
of programs reported no minimum sobriety requirement.
LT for alcohol-associated hepatitis was performed at
85% of the centers.[40] These 2 factors have led to
explosive growth in the number of LT for patients with
ALD over the last decade (Figure 1). If this trend of
increasing ALD incidence and the use of LT as a
treatment modality were to continue, there could be
increases in the number of patients dying on the waiting
list across all etiologies of liver disease. An estimated
15% of patients on the waitlist already die before a liver
becomes available.[1,2]

Indeed, the purpose of the allocation algorithm is to
equalize the waitlist mortality among candidates. That
there are subgroups of candidates with increased or
decreased waitlist mortality with the same MELD score
suggests that either the model for medical urgency or
the allocation algorithm should be revised to be more
aligned with the Final Rule. Perhaps, the primary
diagnosis should be added as a coefficient based on
the transplantation rate to the “continuous distribution”
model of allocation currently being evaluated by UNOS
to provide similar transplant opportunities for candidates
with ALD and non-ALD diagnosis.

Limitations of the study

Our study is limited by its retrospective design. We
were unable to evaluate specific patient and donor
offers, center variability, and center-specific factors
that could influence listing, donor acceptance, and
follow-up prevention for alcohol use relapse. We also
do not have the outcomes of alcohol use disorder
relapse, if any, in the ALD group. In addition, as this
study uses data from a national registry, we lack
granular data on liver candidates/recipients and
donors (eg, the use of machine perfusion). Although
we adjusted for a wide variety of candidate/recipient
and donor characteristics, we may have missed
variables not available in the registry that could have
influenced these results.

While we presented results comparing candidates/
recipients with and without ALD before and after AC
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implementation, some of the differences observed after
AC implementation may have been due to ongoing
secular trends or other concurrent factors.

Most prominently, the implementation of AC occurred
nearly concurrently with the onset of the COVID-19
pandemic and public health emergency in the United
States. The COVID epidemic may have caused an
increase in ALD incidence particularly among those
already with alcohol use disorders at high risk of relapse
who no longer had access to in-person behavioral
counseling programs or other events without alcohol.[8]

The emergence of COVID-19 potentially confounded
our study findings. The pandemic affected different
parts of the country at different times.[41,42] Trying to
carve out data from different parts of the country at
different times would be challenging and geographic
differences could not be evaluated owing to sample size
constraints. However, our data show that even before
the pandemic, patients with ALD had increased
transplantation rates and lower waitlist mortality; thus,
the COVID-19 pandemic is unlikely to explain the
current higher transplantation rates for ALD.

CONCLUSIONS

In summary, ALD is a rapidly growing indication for LT.
Candidates with ALD, compared to other etiologies of
liver disease, are transplanted at higher rates even after
adjusting for MELD and other allocation factors, and this
difference has increased after the implementation of the
AC policy. However, patients with ALD continue to have
excellent posttransplant outcomes and lower waitlist
mortality.
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