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	 Background:	 Acute-on-chronic liver failure (ACLF) is associated with multiorgan failure and high short-term mortality. Liver 
transplantation (LT) can be lifesaving, but commonly used pretransplant severity scores were not developed to 
predict post-transplant mortality. This study compared AARC, CLIF-C ACLF, and MELD-Na for 90-day mortality 
after LT.

	 Material/Methods:	 This single-center observational cohort study included 78 consecutive patients aged 16 years or older with 
EASL-CLIF ACLF who underwent LT at the 108 Military Central Hospital between January 2022 and June 2025. 
All 3 scores were independently recalculated from a common pretransplant assessment. The primary outcome 
was 90-day all-cause mortality, and the primary score comparison was non-directional. Discrimination was as-
sessed using AUROCs with stratified percentile-bootstrap confidence intervals and paired DeLong comparisons 
with Holm adjustment. Separate Firth logistic and Cox models evaluated associations per 1-standard-deviation 
increase.

	 Results:	 HBV-related liver disease accounted for 62.8% of the cohort, and 89.7% underwent living-donor LT. Fourteen pa-
tients (17.9%) died within 90 days. CLIF-C ACLF had the highest numerical AUROC (0.755; 95% CI, 0.562-0.917), 
followed by MELD-Na (0.714; 0.550-0.854) and AARC (0.654; 0.491-0.799); no pairwise difference remained 
significant after Holm adjustment. A 1-standard-deviation increase in CLIF-C ACLF (11.05 points) and MELD-
Na (6.17 points) was associated with higher 90-day mortality, whereas AARC was not. Sensitivity analyses pro-
duced similar findings.

	 Conclusions:	 CLIF-C ACLF showed the strongest numerical prognostic performance, but statistically significant superiority 
was not established. These scores should complement multidisciplinary transplant assessment.
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Introduction

Acute-on-chronic liver failure (ACLF) is a severe and dynamic 
syndrome occurring in patients with acutely decompensated 
cirrhosis and is characterized by organ failure and high short-
term mortality. The European Association for the Study of the 
Liver-Chronic Liver Failure Consortium (EASL-CLIF) framework 
assesses 6 organ systems and classifies ACLF into 3 grades, 
with mortality increasing as the number and severity of or-
gan failures rise. Current EASL and American Association for 
the Study of Liver Diseases guidance emphasizes rapid treat-
ment of precipitating events, intensive organ support, and ear-
ly evaluation for liver transplantation (LT) in potentially eligi-
ble patients [1-3].

LT can provide a substantial survival benefit for carefully se-
lected patients with severe ACLF who do not recover with med-
ical therapy. Multicenter European studies, a prospective na-
tional prioritization program, and longer-term follow-up have 
reported post-transplant survival exceeding 80% at 90 days 
or 1 year in selected critically ill recipients, including patients 
with ACLF grade 3 [4-6]. Nevertheless, early outcomes remain 
heterogeneous because extrahepatic organ failure, systemic 
inflammation, infection, and impaired physiological reserve 
can continue to influence postoperative recovery after replace-
ment of the failing native liver.

Several scores are used to quantify pretransplant disease se-
verity. The Model for End-Stage Liver Disease (MELD) and 
MELD-sodium (MELD-Na) scores estimate mortality in ad-
vanced liver disease and among transplant candidates but do 
not directly incorporate neurological, circulatory, or respirato-
ry failure [7,8]. The CLIF Consortium ACLF score (CLIF-C ACLF), 
which combines the CLIF-C Organ Failure score with age and 
white blood cell count, was developed specifically for patients 
meeting the EASL-CLIF definition of ACLF [9]. The APASL ACLF 
Research Consortium (AARC) score incorporates bilirubin, he-
patic encephalopathy, the international normalized ratio (INR), 
lactate, and creatinine and may be particularly relevant in 
Asian populations, where hepatitis B virus-related liver dis-
ease and living-donor LT are common [10]. Because ACLF is a 
multisystem syndrome, CLIF-based scores can capture prog-
nostic information beyond conventional liver-focused mod-
els by incorporating extrahepatic organ failures and system-
ic inflammation [1,9]. In HBV-predominant populations, the 
Chinese Group on the Study of Severe Hepatitis B (COSSH)-
ACLF and COSSH-ACLF II frameworks were developed specif-
ically for HBV-related ACLF and demonstrated strong short-
term prognostic performance [11,12].

These scores were developed primarily to estimate mortality 
during medical management or while awaiting transplantation, 
rather than absolute mortality after LT. Their relative prognostic 

transportability to the post-transplant setting is therefore un-
certain. Although favorable LT outcomes have been reported in 
both EASL-CLIF- and APASL-defined ACLF, direct head-to-head 
comparisons of AARC, CLIF-C ACLF, and MELD-Na calculated at 
the same pretransplant time point remain limited, particularly 
in hepatitis B virus-predominant cohorts with extensive use 
of living donors [13-15]. No directional superiority hypothesis 
was prespecified. The primary research question was there-
fore whether the 3 scores differed in discrimination for 90-day 
all-cause mortality in a non-directional head-to-head compari-
son. Secondary analyses evaluated score-specific associations 
with 90-day mortality and time to death through 90 days, and 
exploratory performance for 30-day mortality.

Material and Methods

Ethical Approval

The study protocol was approved by the Ethics Committee in 
Biomedical Research of 108 Military Central Hospital (Certificate 
No. 7351/GCN-BV). All data were de-identified before anal-
ysis, and the study was conducted in accordance with the 
Declaration of Helsinki.

Study Design and Population

This single-center observational cohort study included con-
secutive eligible patients aged 16 years or older with ACLF 
who underwent LT at the 108 Military Central Hospital, Hanoi, 
Vietnam, between January 2022 and June 2025. The study com-
pared the prognostic performance of 3 established pretrans-
plant scores: AARC, CLIF-C ACLF, and MELD-Na. Reporting fol-
lowed the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) statement [16].

Patients were eligible if they had underlying cirrhosis, fulfilled 
the EASL-CLIF criteria for ACLF during the pretransplant clinical 
episode, had sufficient data to calculate all 3 scores, and had 
ascertainable vital status through postoperative day 90. Patients 
with acute liver failure without cirrhosis, those who did not 
meet the EASL-CLIF definition of ACLF, and those lacking data 
required for score calculation or primary-outcome ascertain-
ment were excluded. All eligible patients during the predefined 
study period were included. No formal a priori sample-size cal-
culation was performed because the study evaluated estab-
lished scores rather than developing a new prediction model.

ACLF Ascertainment and Cirrhosis Confirmation

The index ACLF episode was defined as the acute deteriora-
tion that led to transplant evaluation. ACLF diagnosis and clin-
ical grade were determined from clinical and laboratory data 
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recorded during this episode before LT according to the EASL-
CLIF framework [1,2]. Organ dysfunction and failure were as-
sessed across the liver, kidney, brain, coagulation, circulation, 
and respiratory systems, and ACLF grades 1 to 3 were assigned 
according to the type and number of organ failures.

Underlying cirrhosis was established from pretransplant clin-
ical, imaging, endoscopic, or histological evidence. When pre-
transplant documentation was inconclusive, pre-existing cir-
rhosis was confirmed by histopathological examination of the 
explanted liver. Explant histopathology was used only to con-
firm the underlying cirrhotic substrate; acute decompensation, 
organ failures, ACLF eligibility, and all prognostic-score com-
ponents were determined exclusively from pretransplant data. 
The clinical ACLF grade assigned during the index episode was 
retained for descriptive analyses and was not replaced by a 
grade reconstructed from later measurements because organ 
dysfunction can change during stabilization before LT.

Data Collection and Pretransplant Assessment

Demographic, clinical, laboratory, transplant-related, and out-
come data were obtained from the institutional transplant 
database and medical records using a standardized data-col-
lection form. Variables included age, sex, underlying liver dis-
ease, potential precipitating events, hepatic encephalopathy 
grade, infection, mechanical ventilation, vasopressor support, 
renal replacement therapy, donor type, and selected periop-
erative characteristics. Laboratory measurements included 
white blood cell count, total bilirubin, INR, serum creatinine, 
serum sodium, lactate, albumin, liver enzymes, and arterial 
blood gas variables.

For the comparative prognostic analysis, all 3 scores were in-
dependently recalculated using the same pretransplant assess-
ment, designated Tpre in the study database. Tpre represent-
ed the most recent available clinical and laboratory evaluation 
before the initiation of LT; when multiple measurements were 
available, the value closest to transplantation was selected. 
Intraoperative and post-transplant measurements were not 
used. Total bilirubin was converted from micromol/L to mg/
dL by division by 17.1, and serum creatinine was converted 
from micromol/L to mg/dL by division by 88.4.

Prognostic Scores and Quality Control

AARC, CLIF-C ACLF, and MELD-Na were recalculated from their 
constituent variables at Tpre and were analyzed as continu-
ous variables. Previously recorded score values were retained 
for quality-control and sensitivity analyses but were not used 
as the primary predictors.

The AARC score was calculated from total bilirubin, hepatic en-
cephalopathy grade, INR, serum lactate, and serum creatinine 
according to the published 5-component algorithm, yielding 
a total score of 5 to 15 [10]. AARC was analyzed as a contin-
uous score; no category-based or data-derived cutoff analy-
sis was included.

The CLIF-C Organ Failure score was derived from total biliru-
bin, serum creatinine or renal replacement therapy, hepatic 
encephalopathy grade, INR, mean arterial pressure and vaso-
pressor requirement, and the PaO2/FiO2 ratio [9]. Mechanical 
ventilation without qualifying oxygenation impairment was 
not classified as respiratory failure. CLIF-C ACLF was calculated 
as 10 × (0.33 × CLIF-C Organ Failure score + 0.04 × age + 0.63 × 
ln [white blood cell count] - 2), with white blood cell count ex-
pressed as 109/L. The unrounded value was used for statis-
tical analyses.

MELD-Na was recalculated from total bilirubin, INR, serum 
creatinine, and serum sodium using the established MELD 
and MELD-Na equations and conventional laboratory bounds 
[7,8]. Bilirubin, creatinine, and INR values below 1.0 were set 
to 1.0; creatinine was capped at 4.0 mg/dL; the MELD score 
was bounded between 6 and 40; and sodium was bounded 
between 125 and 137 mmol/L. Detailed duration and timing 
of continuous renal replacement therapy were incomplete in 
some records. For the primary calculation, creatinine was set 
to 4.0 mg/dL when at least 2 pretransplant renal replacement 
therapy sessions were documented. When only 1 continuous 
renal replacement therapy episode was recorded and treat-
ment duration was unavailable, the observed creatinine value 
was retained. A prespecified sensitivity analysis treated any 
recorded pretransplant continuous renal replacement thera-
py as satisfying the dialysis criterion.

Reported and recalculated scores were compared for quality 
control. Discrepancies were reviewed against source variables, 
measurement units, assessment timing, renal replacement ther-
apy status, rounding conventions, and score-specific calcula-
tion rules. No patient was excluded solely because a record-
ed score differed from the independently recalculated value.

Outcomes

The primary outcome was 90-day all-cause mortality after LT, 
with deaths from the date of transplantation through post-
operative day 90 classified as events. The secondary outcome 
was 30-day all-cause mortality. For time-to-event analyses, the 
date of LT was time zero; follow-up extended to death or ad-
ministrative censoring on postoperative day 90. Vital status 
and dates of death were ascertained from hospital records 
and follow-up documentation.
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Statistical Analysis

Continuous variables were summarized as mean and standard 
deviation when approximately normally distributed and as me-
dian and interquartile range otherwise. Categorical variables 
were presented as counts and percentages. Baseline charac-
teristics were described for the overall cohort and by 90-day 
survival status. Student’s t test or the Mann-Whitney U test 
and the chi-square test or Fisher exact test were used for ex-
ploratory comparisons, as appropriate. These comparisons 
were descriptive and were not used for predictor selection.

The primary analysis assessed discrimination for 90-day mor-
tality using the area under the receiver operating character-
istic curve (AUROC). Ninety-five percent confidence intervals 
were estimated from 5000 bootstrap resamples stratified by 
outcome status and were constructed as two-sided percentile 
intervals using the 2.5th and 97.5th percentiles of the boot-
strap distribution. Because the scores were measured in the 
same patients, pairwise differences between correlated AUROCs 
were tested using the nonparametric DeLong method [17]. 
Prespecified comparisons were AARC vs CLIF-C ACLF, AARC 
vs MELD-Na, and CLIF-C ACLF vs MELD-Na. The Holm proce-
dure adjusted for the 3 pairwise comparisons [18]. Calibration 
against the original predicted probabilities was not assessed 
because none of the scores was developed to estimate abso-
lute post-transplant mortality risk.

To compare effect sizes across different score scales, each score 
was standardized to 1 standard deviation. Separate Firth pe-
nalized logistic regression models estimated odds ratios for 90-
day mortality per 1-standard-deviation increase [19]. Reported 
95% confidence intervals were two-sided Wald-type intervals 
on the log-odds scale based on penalized-model standard er-
rors. The 3 scores were not entered simultaneously into a con-
ventional multivariable model because of the limited number 
of events and their substantial conceptual and statistical cor-
relation. The same analysis for 30-day mortality was consid-
ered secondary and exploratory.

Separate Cox proportional-hazards models evaluated asso-
ciations between each standardized score and time to death 
through day 90. Hazard ratios were reported per 1-standard-
deviation increase, and the proportional-hazards assumption 
was assessed using Schoenfeld residuals [20].

Sensitivity analyses used the originally recorded scores, ap-
plied the alternative MELD-Na dialysis assumption, restricted 
the cohort to living-donor LT recipients, conditioned the anal-
ysis on survival beyond postoperative day 7, and evaluated 
30-day mortality. Sensitivity AUROCs were treated as descrip-
tive robustness checks rather than formal comparative infer-
ence; analysis-specific denominators and event counts were 

reported, and small differences in point estimates were not 
interpreted as evidence of stable comparative performance. 
Variables required for all 3 scores and the primary outcome 
were complete. Missing secondary variables were not imput-
ed, and variable-specific denominators were reported. All tests 
were 2-sided; P < 0.05 was considered statistically significant, 
with Holm-adjusted P values used for formal inference in pair-
wise primary AUROC comparisons.

Analyses were performed using Python version 3.13.5 with 
NumPy version 2.3.5, SciPy version 1.17.0, statsmodels ver-
sion 0.14.6, and scikit-learn version 1.8.0. Firth penalized lo-
gistic regression and paired DeLong comparisons were im-
plemented in reproducible analysis scripts according to their 
published algorithms.

Results

Study Cohort and Early Outcomes

A total of 78 eligible patients with EASL-CLIF ACLF underwent 
LT between January 2022 and June 2025 and were included 
in the analysis. All patients had confirmed underlying cirrho-
sis; cirrhosis was documented before transplantation in 65 pa-
tients and subsequently confirmed by histopathological exam-
ination of the explanted liver in 13 patients.

The median age was 50 years (interquartile range [IQR], 41-
58), and 65 patients (83.3%) were male. Hepatitis B virus in-
fection was the predominant underlying etiology, accounting 
for 49 cases (62.8%). Living-donor LT was performed in 70 pa-
tients (89.7%). At the index ACLF episode, 34 patients (43.6%) 
had ACLF grade 1, 22 (28.2%) had grade 2, and 22 (28.2%) had 
grade 3. Fourteen patients (17.9%) received mechanical ven-
tilation, and 16 (20.5%) underwent renal replacement thera-
py before transplantation.

Eight patients died within 30 days after transplantation, cor-
responding to a 30-day mortality rate of 10.3%. A further 6 
deaths occurred between postoperative days 31 and 90. Overall, 
14 patients died within 90 days, resulting in a 90-day mor-
tality rate of 17.9%. Among patients who died, the median 
time from transplantation to death was 18 days (IQR, 5-52.3).

The observed 90-day mortality rates were 8.8% in patients 
with ACLF grade 1, 22.7% in those with grade 2, and 27.3% in 
those with grade 3. Compared with survivors, non-survivors 
were older (58.5 vs 49.5 years), had higher pretransplant to-
tal bilirubin concentrations (408.1 vs 293.2 µmol/L), had low-
er PaO2/FiO2 ratios (231.0 vs 337.5), and more frequently re-
ceived pretransplant renal replacement therapy (50.0% vs 
14.1%) (Table 1).
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Pretransplant Prognostic Scores

The median recalculated CLIF-C ACLF score was significant-
ly higher among patients who died within 90 days than 
among survivors: 60.5 (IQR, 50.5-65.5) vs 46.0 (IQR, 39.0-52.0; 
P = 0.003). The median MELD-Na score was also higher among 
non-survivors: 34.5 (IQR, 30.0-37.8) vs 28.0 (IQR, 23.8-33.0; 
P = 0.013). The corresponding AARC values were 11.0 (IQR, 
10.0-12.0) and 9.0 (IQR, 7.8-11.0), respectively; this difference 
did not reach conventional statistical significance (P = 0.071).

Discrimination for 90-Day Mortality

CLIF-C ACLF demonstrated the highest numerical discrimina-
tion for 90-day mortality, with an AUROC of 0.755 (bootstrap 
95% confidence interval [CI], 0.562-0.917). The AUROC was 
0.714 (95% CI, 0.550-0.854) for MELD-Na and 0.654 (95% CI, 
0.491-0.799) for AARC (Figure 1, Table 2).

In paired DeLong comparisons, the AUROC difference be-
tween CLIF-C ACLF and AARC was 0.101. Although this com-
parison approached conventional statistical significance before 

adjustment, it was not significant after correction for multiple 
testing. No significant difference was identified between CLIF-C 
ACLF and MELD-Na or between MELD-Na and AARC (Table 3).

Associations With 90-Day Mortality

In separate Firth penalized logistic regression models, a 1-stan-
dard-deviation increase in CLIF-C ACLF, corresponding to 11.05 
points, was associated with higher odds of 90-day mortality 
(odds ratio [OR], 2.72; 95% CI, 1.31-5.64; P = 0.007). A 1-stan-
dard-deviation increase in MELD-Na, corresponding to 6.17 
points, was also associated with mortality (OR, 2.17; 95% CI, 
1.13-4.17; P = 0.019). For AARC, 1 standard deviation corre-
sponded to 2.39 points, and the association was not statisti-
cally significant (OR, 1.63; 95% CI, 0.88-3.03; P = 0.121).

Similar results were obtained in time-to-event analyses. The 
hazard ratio per 1-standard-deviation increase was 2.89 for 
CLIF-C ACLF (95% CI, 1.47-5.66; P = 0.002), 2.05 for MELD-Na 
(95% CI, 1.15-3.66; P = 0.016), and 1.63 for AARC (95% CI, 0.93-
2.87; P = 0.089). Schoenfeld-residual diagnostics did not indicate 
a material violation of the proportional-hazards assumption.

Characteristic Overall (n = 78) Survivors (n = 64) Non-survivors (n = 14) P value

Age, years 	 50.0	(41.0-58.0) 	 49.5	(41.0-56.0) 	 58.5	(43.3-65.5) 0.046

Male sex 	 65	(83.3%) 	 54	(84.4%) 	 11	(78.6%) 0.693

HBV-related liver disease 	 49	(62.8%) 	 40	(62.5%) 	 9	(64.3%) 1.000

Living-donor transplantation 	 70	(89.7%) 	 58	(90.6%) 	 12	(85.7%) 0.629

ACLF grade 1 	 34	(43.6%) 	 31	(48.4%) 	 3	(21.4%)

ACLF grade 2 	 22	(28.2%) 	 17	(26.6%) 	 5	(35.7%) 0.168*

ACLF grade 3 	 22	(28.2%) 	 16	(25.0%) 	 6	(42.9%)

Mechanical ventilation 	 14	(17.9%) 	 11	(17.2%) 	 3	(21.4%) 0.708

Renal replacement therapy 	 16	(20.5%) 	 9	(14.1%) 	 7	(50.0%) 0.006

Total bilirubin, micromol/L 	 315.2	(159.0-444.5) 	 293.2	(142.8-438.5) 	 408.1	(296.6-563.3) 0.042

Creatinine, micromol/L 	 67.0	(51.3-85.8) 	 65.5	(51.0-84.5) 	 68.0	(59.8-97.8) 0.307

Lactate, mmol/L 	 2.05	(1.43-2.70) 	 1.85	(1.40-2.70) 	 2.40	(1.95-3.03) 0.119

PaO2/FiO2 ratio 	 325.5	(240.0-400.0) 	 337.5	(249.3-400.0) 	 231.0	(205.5-375.0) 0.042

AARC score 	 10.0	(8.0-11.0) 	 9.0	(7.8-11.0) 	 11.0	(10.0-12.0) 0.071

CLIF-C ACLF score 	 47.5	(40.0-54.0) 	 46.0	(39.0-52.0) 	 60.5	(50.5-65.5) 0.003

MELD-Na score 	 29.0	(24.3-34.0) 	 28.0	(23.8-33.0) 	 34.5	(30.0-37.8) 0.013

Table 1. Selected characteristics according to 90-day survival status.

Data are median (interquartile range) or number (%). P values are exploratory and were not used for predictor selection. * Overall 
comparison across the 3 ACLF grades. AARC, APASL ACLF Research Consortium; ACLF, acute-on-chronic liver failure; CLIF-C ACLF, CLIF 
Consortium ACLF; HBV, hepatitis B virus; MELD-Na, Model for End-Stage Liver Disease-sodium.
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Secondary and Sensitivity Analyses

For the secondary 30-day outcome, CLIF-C ACLF had an AUROC 
of 0.740 (95% CI, 0.484-0.952), compared with 0.702 (95% 
CI, 0.523-0.857) for AARC and 0.688 (95% CI, 0.516-0.838) for 
MELD-Na. In Firth logistic regression, CLIF-C ACLF was associ-
ated with 30-day mortality (OR per 1-standard-deviation in-
crease, 2.48; 95% CI, 1.05-5.86; P = 0.039). The associations 
for AARC and MELD-Na did not reach statistical significance. 
Because only 8 deaths occurred within 30 days, these analy-
ses were considered exploratory.

Treating any recorded pretransplant continuous renal replace-
ment therapy episode as satisfying the MELD-Na dialysis crite-
rion produced an AUROC of 0.725 for 90-day mortality, com-
pared with 0.714 under the primary calculation rule. When 
the originally recorded scores were used (n = 78; 14 deaths), 
CLIF-C ACLF retained the highest descriptive AUROC. Restriction 
to living-donor recipients (n = 70; 12 deaths) and the analysis 
conditioned on survival beyond postoperative day 7 (n = 74; 
10 deaths after day 7) did not materially change the qualita-
tive interpretation (Table 4). These sensitivity estimates were 
treated as descriptive point estimates, and small numerical 
differences were not interpreted as evidence of stable com-
parative performance.
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Figure 1. �Receiver operating characteristic curves of the AARC, 
CLIF-C ACLF, and MELD-Na scores for 90-day all-cause 
mortality after liver transplantation. The diagonal line 
denotes no discrimination. AARC, APASL ACLF Research 
Consortium; AUROC, area under the receiver operating 
characteristic curve; CLIF-C ACLF, CLIF Consortium ACLF; 
MELD-Na, Model for End-Stage Liver Disease-sodium.

Score
AUROC 

(95% CI)
Firth OR per 1 SD 

(95% CI)
P value

Cox HR per 1 SD 
(95% CI)

P value

AARC 0.654 (0.491-0.799) 1.63 (0.88-3.03) 0.121 1.63 (0.93-2.87) 0.089

CLIF-C ACLF 0.755 (0.562-0.917) 2.72 (1.31-5.64) 0.007 2.89 (1.47-5.66) 0.002

MELD-Na 0.714 (0.550-0.854) 2.17 (1.13-4.17) 0.019 2.05 (1.15-3.66) 0.016

Table 2. Prognostic performance for 90-day mortality.

ORs and HRs are reported for each 1-standard-deviation increase. In this cohort, 1 standard deviation corresponded to 2.39 AARC 
points, 11.05 CLIF-C ACLF points, and 6.17 MELD-Na points. AUROC, area under the receiver operating characteristic curve; 
CI, confidence interval; HR, hazard ratio; OR, odds ratio; SD, standard deviation.

Comparison AUROC difference* 95% CI
DeLong 
P value

Holm-adjusted 
P value

AARC vs CLIF-C ACLF -0.101 -0.211 to 0.009 0.072 0.216

AARC vs MELD-Na -0.060 -0.177 to 0.058 0.319 0.638

CLIF-C ACLF vs MELD-Na 0.041 -0.115 to 0.197 0.604 0.638

Table 3. Pairwise comparison of AUROCs for 90-day mortality.

* Calculated as the AUROC of the first score minus the AUROC of the second score. AUROC, area under the receiver operating 
characteristic curve; CI, confidence interval.
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Discussion

In this single-center cohort of patients with EASL-CLIF ACLF 
undergoing LT, 90-day all-cause mortality was 17.9%. Among 
the 3 pretransplant scores evaluated at a common time point, 
CLIF-C ACLF showed the highest numerical discrimination, fol-
lowed by MELD-Na and AARC. CLIF-C ACLF and MELD-Na were 
also associated with 90-day mortality in both penalized logis-
tic and time-to-event analyses, whereas the association for 
AARC did not reach statistical significance. However, none of 
the pairwise differences in AUROC remained significant after 
adjustment for multiple comparisons. The principal interpre-
tation is therefore not that CLIF-C ACLF was definitively supe-
rior, but that it provided the strongest and most consistent 
prognostic signal in this cohort, with substantial uncertainty 
caused by the limited number of deaths.

The observed 90-day survival of 82.1% is consistent with con-
temporary evidence that LT can achieve favorable outcomes in 
carefully selected patients with ACLF. The European ECLIS study 
reported favorable post-transplant survival despite marked 
variation among centers in listing practices [4]. More recently, 
long-term follow-up of patients transplanted with ACLF grade 
3 showed 5- and 10-year survival rates of 72.6% and 56.8%, 
respectively, without significant differences from matched re-
cipients with lower ACLF grades or without ACLF [6]. A 2025 
systematic review and meta-analysis likewise found a sur-
vival benefit after LT across ACLF grades, although recipients 
with more severe ACLF remained at greater risk of early com-
plications and death [21]. These data support the view that 
ACLF grade alone should not be used as an automatic futil-
ity criterion, provided that candidate selection, timing, and 

perioperative support are appropriate. Across published co-
horts, carefully selected ACLF recipients can achieve substan-
tial post-transplant survival, and matched data suggest that 
even ACLF grade 3 recipients may have longer-term survival 
comparable with recipients with lower-grade or no ACLF [6]. 
At the same time, greater ACLF severity remains associated 
with higher early postoperative risk [21]. Because the pres-
ent study included only ACLF recipients, these comparisons 
are contextual and were not directly estimated in our cohort.

In our cohort, mortality increased numerically from ACLF grade 
1 to grades 2 and 3, but the separation between grades was 
incomplete. ACLF grade summarizes the number and pattern 
of organ failures, whereas post-transplant outcome also de-
pends on age, physiological reserve, systemic inflammation, 
infection control, reversibility of organ dysfunction, and do-
nor-recipient factors. This may explain why a continuous score 
incorporating both organ failure and non-organ-failure vari-
ables provided more information than grade alone. It also re-
inforces the need for repeated assessment rather than a de-
cision based on a single severity category obtained earlier in 
the disease course.

The numerical advantage of CLIF-C ACLF is biologically plausi-
ble. The score incorporates the CLIF-C Organ Failure score to-
gether with age and white blood cell count, thereby capturing 
extrahepatic organ dysfunction, systemic inflammation, and 
reduced physiological reserve. LT replaces the failing native 
liver and can rapidly correct several liver-dependent abnor-
malities; however, renal, circulatory, respiratory, neurological, 
and immune dysfunction may persist into the perioperative 
period. These residual abnormalities are directly or indirectly 

Analysis
AARC 

AUROC
CLIF-C ACLF 

AUROC
MELD-Na 
AUROC

Comment

Primary recalculated 
scores

0.654 
(0.491-0.799)

0.755 
(0.562-0.917)

0.714 
(0.550-0.854)

n = 78; 14 deaths; primary analysis

Originally recorded 
scores

0.613 0.732 0.647
n = 78; 14 deaths; descriptive quality-
control analysis

Living-donor recipients 
only

0.639 0.715 0.721
n = 70; 12 deaths; descriptive 
restricted-cohort analysis

Conditioned on survival 
beyond postoperative 
day 7

0.578 0.666 0.696
n = 74; 10 subsequent deaths through 
day 90; descriptive landmark analysis

Any recorded CRRT 
satisfies the MELD-Na 
dialysis rule

- - 0.725
n = 78; 14 deaths; descriptive 
alternative MELD-Na calculation

Table 4. Sensitivity analyses for 90-day mortality.

AUROC values refer to 90-day mortality. The primary recalculated-score row includes percentile-bootstrap 95% confidence intervals. 
All other sensitivity-analysis AUROCs are descriptive point estimates; no pairwise hypothesis tests were performed. Small numerical 
differences should not be interpreted as evidence of stable comparative performance. CRRT, continuous renal replacement therapy.
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represented in CLIF-C ACLF and may therefore remain relevant 
to early post-transplant survival. Nevertheless, the AUROC of 
0.755 represents moderate rather than excellent discrimina-
tion, and its wide confidence interval precludes use of the score 
as a stand-alone acceptance or exclusion tool.

MELD-Na also retained clinically meaningful prognostic value. 
Its AUROC was 0.714, and higher values were associated with 
both the odds and hazard of death within 90 days. The result 
suggests that pretransplant hepatic dysfunction, coagulopa-
thy, renal dysfunction, and hyponatremia remain relevant af-
ter LT. However, MELD-Na does not directly account for hepatic 
encephalopathy, vasopressor dependence, respiratory failure, 
or systemic inflammation. Its lower numerical performance 
than CLIF-C ACLF is therefore consistent with the multiorgan 
nature of EASL-CLIF ACLF. The small difference between the 2 
scores and the non-significant paired comparison indicate that 
MELD-Na remains useful when CLIF-C variables are unavailable 
or when rapid bedside assessment is required.

AARC showed weaker discrimination and a non-significant as-
sociation with 90-day mortality. AARC was developed primar-
ily in Asian patients to predict short-term mortality during 
the natural course or medical management of APASL-defined 
ACLF. Although it includes lactate and hepatic encephalopathy, 
it does not explicitly represent circulatory and respiratory fail-
ure to the same extent as the CLIF-C framework. Differences 
in ACLF definition, target population, assessment context, and 
outcome may therefore limit its transportability to post-trans-
plant mortality in an EASL-CLIF-defined cohort. The findings 
should not be interpreted as proof that AARC lacks prognos-
tic value; the confidence interval was broad, and a moderate 
association could have been missed because only 14 primary 
outcome events occurred.

The HBV-predominant composition of our cohort also makes 
COSSH-based frameworks relevant contextually. COSSH-ACLF 
and COSSH-ACLF II were developed for short-term prognosti-
cation in HBV-related ACLF and have shown strong discrimina-
tion in that setting [11,12]. However, they were not included in 
the prespecified 3-score comparison and were developed for 
short-term prognosis in HBV-related ACLF rather than specifi-
cally for post-transplant mortality. Their performance for 90-day 
mortality after LT, including potential incremental value in HBV-
predominant cohorts, warrants dedicated external validation.

The predominance of living-donor LT is a clinically important 
feature of this study. Almost 90% of recipients received liv-
ing-donor grafts, in contrast to many European and North 
American cohorts. An urgent living-donor program has recent-
ly been shown to extend access to LT for critically ill patients, 
including some with very high CLIF-C ACLF scores [22]. In an 
intention-to-treat comparison, a living-donor strategy reduced 

waitlist death or delisting and shortened time to transplanta-
tion, while post-transplant outcomes were comparable with 
deceased-donor LT [23]. A Vietnamese single-center study also 
reported the feasibility of adult-to-adult right-lobe living-do-
nor LT for ACLF [24]. Our cohort included only patients who ul-
timately underwent LT and therefore cannot quantify waitlist 
benefit. Nonetheless, the favorable early survival supports liv-
ing donation as a potentially important means of reaching the 
narrow transplant window in HBV-predominant Asian settings.

Our findings should also be considered in relation to mod-
els developed specifically for post-transplant prognosis. The 
SALT-M score was developed and externally validated to predict 
1-year mortality after LT in severe ACLF and achieved moderate 
discrimination using readily available recipient variables [25]. 
More recently, the nationwide multicenter HALT study in HBV-
related ACLF incorporated age, number of organ failures, lac-
tate, donation after circulatory death, and cold ischemia time. 
The model outperformed several conventional scores in its 
external testing cohort, highlighting the importance of com-
bining recipient severity with graft characteristics [26]. These 
models address a different question from the present study: 
prediction of absolute post-transplant risk rather than com-
parison of widely used pretransplant disease-severity scores. 
Their development also suggests why CLIF-C ACLF, MELD-Na, 
and AARC alone are unlikely to provide high discrimination 
after LT. Post-transplant risk is determined jointly by recipi-
ent condition, donor and graft quality, operative factors, and 
perioperative care. The present analysis was designed around 
30- and 90-day outcomes and did not evaluate comparative 
discrimination at 1 year; longer-term validation of these pre-
transplant scores remains necessary. Future studies may also 
explore whether machine-learning approaches can integrate 
multidimensional recipient, donor, graft, operative, and peri-
operative data beyond established scores; the present co-
hort is not suitable for developing or validating such models.

The timing of score assessment is another important consid-
eration. ACLF is dynamic, and improvement or deterioration 
of organ failure before LT is associated with post-transplant 
survival [27]. In the present study, clinical ACLF grade was as-
signed during the index ACLF episode, whereas all 3 scores 
were recalculated using the most recent common pretrans-
plant assessment. This approach ensured a fair head-to-head 
comparison, but the values may reflect partial response to in-
tensive care rather than peak disease severity. Future studies 
should compare scores at diagnosis, at maximum severity, and 
immediately before LT, and assess whether score trajectories 
or recovery of individual organ failures provide greater prog-
nostic information than a single measurement.

Independent recalculation of the scores was an additional meth-
odological strength. The recalculated values generally provided 
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greater numerical discrimination than the originally recorded 
values, particularly for MELD-Na. This observation emphasiz-
es the importance of standardizing units, laboratory bounds, 
assessment timing, rounding, and renal replacement thera-
py rules. The sensitivity analysis that classified any recorded 
continuous renal replacement therapy episode as fulfilling the 
MELD-Na dialysis criterion produced only a small change in the 
90-day AUROC, indicating that uncertainty about dialysis du-
ration was unlikely to explain the main findings.

This study has several limitations. First, it was conducted at a 
single center and included 78 recipients with 14 deaths with-
in 90 days. The study therefore had limited power for paired 
comparisons, and non-significant differences should not be 
interpreted as equivalence. Second, the cohort was condi-
tioned on receipt of LT. The results cannot be extrapolated 
to all patients with ACLF referred for transplantation and do 
not assess waitlist mortality, transplant benefit, or selection 
futility. A contemporaneous non-ACLF or acute-decompensa-
tion comparator was not included in the study dataset; con-
sequently, the study cannot determine whether post-trans-
plant survival or score performance differs between ACLF and 
non-ACLF recipients. Third, the predominance of HBV-related 
disease and living-donor LT may limit generalizability to pop-
ulations in which alcohol-related or metabolic liver disease 
and deceased-donor transplantation predominate, although 
it increases relevance to Asian programs. Fourth, ACLF grade 
and the 3 scores were not necessarily measured at the same 
stage of the clinical trajectory. Fifth, cirrhosis was confirmed 
on explant histopathology in 13 patients whose pretransplant 
documentation was inconclusive; although all ACLF features 
and score components were derived from pretransplant data, 
retrospective confirmation may raise classification concerns. 
Sixth, the exact duration and timing of continuous renal re-
placement therapy were incomplete in some patients. Finally, 
the study did not incorporate frailty, sarcopenia, comorbidity 
burden, donor quality, graft-to-recipient matching, cold isch-
emia time, or perioperative complications, which may improve 
post-transplant prediction.

The study also has important strengths. Ninety-day outcome 
ascertainment was complete, all 3 scores were independently 
recalculated at the same pretransplant time point, and corre-
lated AUROCs were compared using paired methods with cor-
rection for multiple testing. Penalized logistic regression was 
used to reduce small-sample bias, and the findings were ex-
amined using time-to-event and sensitivity analyses. The co-
hort also provides data from an HBV-predominant, predomi-
nantly living-donor transplant program, a setting that remains 
underrepresented in much of the EASL-CLIF literature.

Conclusions

CLIF-C ACLF showed the highest numerical discrimination and 
the strongest association with 90-day mortality after LT, while 
MELD-Na also retained meaningful prognostic value. AARC per-
formed less strongly in this EASL-CLIF-defined post-transplant 
cohort. However, direct comparisons did not establish statisti-
cally significant superiority of any score. These scores should 
therefore be used as complementary components of multi-
disciplinary pretransplant assessment rather than as stand-
alone criteria for transplant eligibility. Larger multicenter stud-
ies should evaluate dynamic score trajectories and integrate 
recipient severity with frailty, comorbidities, donor and graft 
characteristics, and perioperative factors to improve predic-
tion of early post-transplant outcomes.
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