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Abstract

Background and Aims: Acute-on-chronic liver failure
(ACLF) tends to progress rapidly with high short-term mor-
tality. We aimed to create a widely applicable, simple prog-
nostic (WASP) score for ACLF patients. Methods: A retro-
spective cohort of ACLF cases recruited from three centers
in China were divided into training and validation sets to de-
velop the new score. A prospective longitudinal cohort was
recruited for further validation. Results: A total of 541 cas-
es were included in the training set, and seven independent
ACLF prognostic factors were screened to construct a new
quantitative WASP-ACLF table. In the validation set of 671
cases, WASP-ACLF showed better predictive ability for 28-
day and 90-day mortality than the currently used prognos-
tic scores at baseline, day 3, week 1, and week 2. The pre-
dictive efficacy and clinical validity of the model improved
over time. Patients were assigned to low-, intermediate-,
and high-risk groups by their WASP-ACLF scores. Compared
with the other two groups, intermediate-risk patients had a
more uncertain prognosis, with a 90-day mortality of 44.4-
50.6%. Sequential assessments at weeks 1 and 2 found the
90-day mortality of intermediate-risk groups was <20% for
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patients with a =2 point decrease in WASP-ACLF and was up
to 56% for patients with a =2 points increase. Similar re-
sults were observed in prospective data. Conclusions: The
new ACLF prognostic score was simple, widely applicable,
and had good predictive efficacy. Continuous assessments
and trend of change in WASP-ACLF need to be considered,
especially for intermediate-risk patients.
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Introduction

Acute-on-chronic liver failure (ACLF) is a complex clinical
syndrome characterized by acute deterioration of liver func-
tion and multiple organ failure. It is typically triggered by a
precipitating event in the backdrop of chronic liver disease.
ACLF has a rapid onset and progression, and is associated
with high short-term 30-50% 28 day and 50-80% 90 day
mortality.12 Liver transplantation is the main treatment for
ACLF and can significantly improve the prognosis.3 Howev-
er, given the shortage of liver sources, the risks associated
with liver transplantation, and the high medical costs, risk
stratification of patients with ACLF is a key imperative. Many
evaluation methods have been developed to assess the risk
of ACLF progression.* This approach can facilitate timely in-
dividualized intervention and support rational allocation of
medical resources.

Owing to the complex nature of liver failure, accurate as-
sessment of ACLF progression and the extent of hepatic im-
pairment is inherently challenging. Several comprehensive
multifactor models have been developed to predict ACLF
progression. The Child-Turcotte-Pugh score (CTP)> and the
model for end-stage liver disease (MELD)® are commonly
used prognostic methods for liver disease. However, these
models have significant limitations for predicting mortality
in patients with ACLF. The Asian Pacific Association for the
Study of the Liver proposed a new prognostic scoring model
for ACLF that includes hepatic encephalopathy (HE), total
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Cohort 1 (Retrospective cohort)
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Fig. 1. Flow chart of ACLF cases in the respective and prospective cohorts. ACLF, acute-on-chronic liver failure.

bilirubin (TB), international normalized ratio (INR), creati-
nine (Cr), and lactate.” However, in some countries, lactate
is not routinely assessed in patients with ACLF, limiting its
application. The chronic liver failure-sequential organ fail-
ure assessment score (CLIF-SOFA)® and the chronic liver
failure consortium organ function (CLIF-OF)° proposed by
the European Association for the Study of Liver Diseases
have high prognostic evaluation value. However, data for
calculation of some parameters rely on the assessment of
the respiratory and circulatory systems, which are difficult
to obtain from most general wards. Therefore, a widely ap-
plicable and simple ACLF prognostic score is required for
wider clinical application.

In this study, we identified independent prognostic fac-
tors for ACLF patients, and developed a new quantitative
nomogram for prognostic prediction based on each factor’s
regression coefficients and cutoff values. In addition, we
assessed the predictive efficacy of our prognostic model by
comparing it with other known prognostic scores.

Methods
Study design, participants, and data collection

Two cohorts of ACLF patients were enrolled in two separate
investigations (Fig. 1). In the first investigation, a retro-
spective cohort was recruited at multiple centers in China.
This retrospective cohort comprised of a training set used
for model construction and a validation set. Cases in the
training set were sourced from among patients hospital-
ized in the Tianjin Third Central Hospital between January
1, 2008 and December 31, 2014. Cases in the validation
set were sourced from among patients hospitalized in the
Tianjin Third Central Hospital, Beijing You’an Hospital, and
The Fifth Medical Center of Chinese PLA General Hospital
between January 1, 2015 and June 30, 2019. In the sec-
ond investigation, a prospective longitudinal cohort of 86
patients hospitalized in the Tianjin Third Central Hospital
was enrolled from January 1, 2021 to June 30, 2021. The
inclusion criteria were occurrence of liver failure manifesting
as jaundice with a TB =5 mg/dL) and coagulation dysfunc-

tion with an INR =1.5, or prothrombin activity (PTA) <40%)
within 4 weeks in the backdrop of chronic liver disease, in-
cluding chronic hepatitis, compensated cirrhosis, and de-
compensated cirrhosis. The exclusion criteria were presence
of concomitant human immunodeficiency virus infection,
severe extrahepatic chronic disease, liver cancer, or other
malignancies, or pregnancy. Clinical data were retrieved
from manual and electronic medical records. All study pro-
cedures complied with the principles of the Declaration of
Helsinki. The study was approved by the Ethics Committees
of all the participating institutions.

Scoring models

The CTP score®> was calculated using TB, serum albumin
(ALB), prothrombin time (PT), ascites, and West Haven
stage of HE. The MELD® and MELD-Na!9 scores were calcu-
lated as MELD = 3.78 x In (TB mg/dL) + 11.2 x In (INR) +
9.57 x In (Cr mg/dL) and MELD-Na = MELD + 1.59 x (135-
Na mmol/L). The CLIF-SOFA score8 and CLIF-OF score®
were determined by the sum of the organ failure severity
grades. Details can be found in the cited references.

Statistical analysis

Continuous data were reported as means £ standard de-
viation and between-group differences were assessed using
the t-test. Categorical variables were reported as frequency
(%), and between-group differences were assessed using
chi-squared test or Fisher’s exact tests. Univariate and mul-
tivariate Cox regression analyses were used to identify inde-
pendent prognostic predictors of ACLF. A binary logistic re-
gression equation was constructed according to the forward
likelihood ratio test method. The area under the receiver
operating characteristic (ROC) curve (AUC) for the various
prognostic scores were compared using the z-test with the
Delong method. Decision curve analysis (DCA) was used
to determine the clinical validity of the model. Two-tailed
p-values <0.05 were considered statistically significant for
all tests. Statistical analysis and mapping were performed
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Fig. 2. Etiology, precipitating event, WGO type, and survival rate of ACLF cases in the training and validation sets of the retrospective cohort. WGO,
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with SPSS Statistics 22.0 (IBM Corp., Armonk, New York,
USA), and R (version 3.6.3),1! with rms and survival pack-
ages (Foundation for Statistical Computing, Vienna, Austria,
https://www.R-project.org).

Results

Clinical characteristics of patients in the retrospec-
tive cohort

For the training set, 547 of the 629 eligible ACLF cases
were enrolled after excluding 71 cases with incomplete
data and 11 who received liver transplants within 90 days.
Of the 547 cases, 209 died within 90 days and 338 cases
survived. For the validation set, 671 of the 734 eligible
cases were enrolled after excluding 43 with incomplete
data and 20 with liver transplantation within 90 days. In
the validation set, 356 cases were from the Tianjin Third
Central Hospital, 185 cases from the Fifth Medical Center
of Chinese PLA General Hospital, and 130 cases from Bei-

jing You’an Hospital; 216 cases died within 90 days, and
455 cases survived.

There were no significant differences between the train-
ing and validation sets with respect to etiology, precipitating
events, or short-term mortality (Fig. 2). The most common
etiologies were hepatitis B virus (HBV) infection (53.0% in
the training set, 59.9% in the validation set), alcoholic liver
disease (ALD; 36.7% in the training set, 18.2% in the valida-
tion set), and HBV infection combined with ALD (7.1% in the
training set, 7.3% in the validation set). The largest propor-
tion of cases in both the training set (35.6%) and validation
set (55.4%) had no obvious precipitating event. Other pre-
cipitating events were bacterial infection (21.6% in the train-
ing set and 14.8% in the validation set) and HBV reactivation
(19.2% in the training set and 8.2% in the validation set).
The cases were classified by the ACLF criteria proposed by
the World Gastroenterology Organization (WGO)!2 as type
A/B/C. WGO types in the training set were 10.2% for type A,
48.1% for type B, and 41.7% for type C. The 90 day mortal-
ity was 38.2%. The WGO types in the validation set were
17.6% for type A, 44.9% for type B, and 37.6% for type C.
The 90 day mortality was 32.2% (Fig. 2).
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Prognostic factor analysis

The training set of 547 cases included 338 survivors and
209 nonsurvivors. The ACLF prognostic factors identified by
univariate Cox regression analysis (Table 1) were age, WGO
type, HE, gastrointestinal bleeding (GIB), ascites, coinfec-
tion, hemoglobin (HB), hematocrit (HCT), white blood cell
(WBC) count, neutrophil ratio (N), C-reactive protein (CRP),
platelets (PLTs), total cholesterol (TC), ALB, TB, Cr, blood
urea nitrogen (BUN), serum potassium (K), serum sodium
(Na), PT, PTA, INR, and alpha-fetoprotein (AFP). In addition,
nonsurvivors had significant higher levels of CTP, MELD,
MELD-Na, CLIF-SOFA, and CLIF-OF scores than survivors.
All of the scores were closely related to the prognosis of
ACLF (Table 1). On multivariate Cox analysis, age, WGO
type, HE, and levels of WBC, TB, Cr, and INR were identified
as independent prognostic factors of ACLF (Table 1). Logis-
tic regression analysis was performed to assess the stand-
ard regression coefficients and the cutoff values of each in-
dependent prognostic factor. The factors with high influence
weights were TB (0.441, 18.1), Cr (0.519, 1.3), INR (0.655,
2.5), and HE (0.535, 1). Factors with low influence weights
(Supplementary Table 1) were age (0.169, 57), WGO type
(0.216, 3), and WBC (0.186, 10.0).

A widely applicable and simple prognostic score of ACLF
(WASP-ACLF) was constructed by the standard coefficients
and the cutoff values of the above parameters. A score of 1
each was assigned to advanced age (=60 years), type-C ACLF,
and suspected coinfection (WBC =10.0 x 109/L); and four
factors representing the liver, kidney, coagulation, and the
nervous system, TB, Cr, INR, and HE, were assigned scores of
0, 1, and 2 depending on the different level (Fig. 3A).

Predictive performance of WASP-ACLF in the training
set

The WASP-ACLF scores of patients ranged from 0 to 11; the
corresponding 28-day and 90-day mortality rates are shown
in the nomogram. Based on the WASP-ACLF score and cut-
off values, ACLF cases were classified into three grades,
grade I (0-3) was the low-risk group, grade II (4-6) was
the intermediate-risk group, and grade III (7-11) was the
high-risk group (Fig. 3B). The 28-day and 90-day mortali-
ties for grade III cases in the training set were 61.8% and
87.5%, respectively, which were much higher than those for
grade I (1.6% and 4.3%,) and grade II (20.7% and 34.6%)
cases (p<0.001, Fig. 3C). On ROC curve analysis (Fig. 3D,
Supplementary Table 2), the AUC for the WASP-ACLF 28-
day prognosis (0.858) was significantly greater than that
of other scores, such as CTP (0.770), CLIF-SOFA (0.816),
CLIF-OF (0.807), MELD (0.787), and MELD-Na (0.779).
The calibration curve showed good consistency between
the WASP-ACLF and 28-day prognosis, with a Brier score
of 0.123 (Fig. 3E), and DCA curve analysis showed the best
clinical validity of WASP-ACLF compared with other scores
(Fig. 3F). For 90-day prognosis (Fig. 3G, Supplementary
Table 2), the AUC of WASP-ACLF (0.895) was also signifi-
cantly higher than that of other scores, i.e., CTP (0.773),
CLIF-SOFA (0.849), CLIF-OF (0.847), MELD (0.847), and
MELD-Na (0.832). Similarly, calibration curves showed good
consistency between the WASP-ACLF and 90-day prognosis,
with a Brier score of 0.118 (Fig. 3H), and DCA curve analy-
sis showed the best clinical validity of WASP-ACLF (Fig. 3I).

External validation of WASP-ACLF

In the validation set, the predictive efficacy of WASP-ACLF,
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based on data obtained at baseline, the third day, the first
week, and the second week after admission, was compared
with that of other prognostic scores. On ROC curve analysis
of 90-day prognosis, the AUC of WASP-ACLF at the admis-
sion baseline was 0.724, and the Brier calibration curve
consistency score was 0.186. The AUC value and the clini-
cal validity of WASP-ACLF were significantly greater than
those of CTP, CLIF-SOFA, and CLIF-OF, but there were no
significant differences compared with MELD and MELD-Na
(Fig. 4A-C, Table 2). The 90-day mortality rates of grade I
(18.4%), 11 (49.4%), and III (65.2%) patients were signifi-
cantly different (p<0.001; Fig. 4D and Supplementary Ta-
ble 3). On performing ROC curve analysis of 90-day prog-
nosis on the third day, the AUC value of the WASP-ACLF
score was 0.776 and the Brier consistency score was 0.166.
The AUC value and the clinical validity of WASP-ACLF were
significantly greater than those of other scores (Fig. 4E-G,
Table 2), with significant differences in the 90-day mortal-
ity rates of grade I (13.9%), II (50.6%), and III (73.7%)
patients (p<0.001, Fig. 4H and Supplementary Table 3).
On performing ROC curve analysis of 90-day prognosis at
the first week, the AUC value of WASP-ACLF was 0.780
and the Brier consistency score was 0.151. The AUC value
and the clinical validity of WASP-ACLF were significantly
higher than those of other scores (Fig. 4I-K, and Table 2),
with significant differences in the 90-day mortality rates of
grade I (13.4%), II (45.1%), and grade III (73.7%) pa-
tients (p<0.001; Fig. 4L and Supplementary Table 3). On
performing ROC curve analysis of 90-day prognosis at the
second week, the AUC value of WASP-ACLF was 0.799, and
the Brier consistency score was 0.127. The AUC value and
the clinical validity of WASP-ACLF were significantly higher
than those of other scores (Fig. 4M-0, Table 2), with sig-
nificantly different 90-day mortalities of grade I (11.5%), II
(44.4%), and III (69.0%) patients (p<0.001, Fig. 4P, Sup-
plementary Table 3). Similarly, the AUC values and clinical
validity of WASP-ACLF for 28-day prognosis were signifi-
cantly higher than those of other prognostic scores (Sup-
plementary Fig. 1 and Supplementary Table 3 and 4). In
addition, the results showed a gradual increase of the AUC
values and a gradual decrease of the Brier scores of the
WASP-ACLF over time, suggesting that sequential assess-
ment may improve the predictive accuracy and consistency
of the model.

Trends in WASP-ACLF prognostic benefit assessment

Classification of cases by WASP-ACLF revealed that pa-
tients in the low-risk group had a better prognosis than
those in the high-risk group. The 90-day mortality rates
of patients who were grade I at baseline, the third day,
the first week, and the second week were 18.4%, 13.9%,
13.4%, and 11.5%, respectively. The corresponding rates
were 49.4%, 50.6%, 45.1 and 44.4% for grade II pa-
tients, and 65.2%, 73.7%, 73.7%, and 69.0%, for grade
III patients. As the results had considerable uncertainty
about the short-term prognosis of grade II patients, trends
in WASP-ACLF scores were calculated to further analyze
their prognosis. On the third day after admission, grade
II patients had a 90-day mortality of 50.6%. Differenc-
es of the 90-day mortality of patients with decreases >2
points (71.4%), fluctuations within 2 points (50.0%), and
increases =2 points (50.0%) in the WASP-ACLF score from
baseline values were not significant (Table 3). In contrast,
after the first week, the 90-day morality rates of patients
with a decrease of =2 points, fluctuation within 2 points,
and an increase of 22 points in WASP-ACLF from baseline
were 20.0%, 44.3%, and 56.8%, respectively. Similarly,
the 90-day morality rates were 18.8%, 43.1%, and 55.6%
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Fig. 3. (A) Parameter composition and quantitative assignment table of WASP-ACLF. (B) Nomogram showing the 28-and 90-day mortality corresponding
to the WASP-ACLF scores, as well as the classification of patients into grade I (0-3), grade II (4-6), and grade III (7-11). (C) Cumulative mortality rate
from O to 90 days for grades I, II, and III patients in the training set. (D-F) ROC curves, calibration curve, and DCA for the 28-day prognosis of patients
in the training set. (G-I) ROC curves, calibration curve and DCA curves for the 90-day prognosis of patients in the training set. ACLF, acute-on-chronic liver
failure; CLIF-OF, chronic liver failure consortium organ function; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CTP, Child-Turcotte-Pugh; MELD,
model for end-stage liver disease; ROC, receiver operating characteristic; DCA, decision curve analysis; Cr, creatinine; HE, hepatic encephalopathy; INR, international
normalized ratio; TB, total bilirubin; WBC, white blood cell; WGO, World Gastroenterology Organization; WASP-ACLF, widely applicable and simple prognostic score of ACLF.

at the second week, and all differences were statistically
significant (p<0.05, Table 3). The 28-day morality rates
of grade II patients also differed significantly with differ-
ent trends of WASP-ACLF at the first and second week
(p<0.05, Table 3).

Validation of WASP-ACLF in the prospective longitu-

dinal cohort

A total of 86 cases that met the inclusion and exclusion
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Fig. 4. ROC curves, calibration curve and DCA curves for 90-day prognosis, and cumulative 0-90 days mortality of grade I, II, and III patients in the
validation set at (A-D) baseline, (E-H) the third day after admission, (I-L) the first week, and (M-P) the second week. ACLF, acute-on-chronic liver
failure; CLIF-OF, chronic liver failure consortium organ function; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CTP, Child-Turcotte-Pugh; MELD,
model for end-stage liver disease; WASP-ACLF, widely applicable and simple prognostic score of ACLF; ROC, receiver operating characteristic; DCA, decision curve

analysis.

criteria were enrolled in the prospective study. All had a
follow-up duration of >90 days except for those who died.
There were 51 men and 35 women cases in the cohort
and the mean age was 57.919+12.391 years. The etiolo-
gies included 45 cases (52.3%) with HBV, 15 (17.4%) with
ALD, three (3.5%) with HBV combined with ALD, and 17
(19.8%) with autoimmune liver disease. Fifty-six cases
survived for more than 90 days and 30 died. The WASP-
ACLF scores of nonsurvivors at baseline, day 3, week 1, and
week 2 were 4.700+1.684, 5.100+1.626, 5.480+1.874,

874
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and 5.063%+1.692, respectively. The corresponding survi-
vor scores were 3.179+1.515, 3.179+1.539, 2.857+1.939,
and 2.196%1.589. The nonsurvivor scores were significantly
higher than those of the survivors (p<0.001), and the be-
tween-group difference tended to increase gradually over
time, indicating that sequential assessment did improve the
differentiation ability of WASP-ACLF (Fig. 5). Because of the
limited number of prospective cases, further validation of
the trends in WASP-ACLF was performed only at week 2,
and at that time the 90-day mortality rates of intermediate-

| 867-878
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Table 2. Predictive efficacy of each score for 90-day prognosis by receiver operating characteristic curve analysis in the validation set

Time (cases) Variable  AUC (95% CI) st Cutoft tSIS'I‘t;" ﬁgi"ﬁ' f;_tj‘:;zg)c*

Baseline (n=671) cTe 0.600 (0.561-0.637) 0.022 11 0.824 0.341  5.435 (p<0.001)
CLIF-SOFA  0.649 (0.611-0.685) 0.022 8 0.662 0.578  4.170 (p<0.001)
CLIF-OF 0.625 (0.587-0.662) 0.023 10 0.426 0.776  4.643 (p<0.001)
MELD 0.709 (0.673-0.743) 0.022 25 0.620 0.721  0.779 (p=0.436)
MELD-Na  0.713 (0.677-0.747) 0.021 28 0.620 0.743  0.585 (p=0.559)
WASP-ACLF  0.724 (0.689-0.758) 0.020 4 0.689 0.758 NA

Third day (1=662)  CTP 0.626 (0.588-0.663) 0.022 11 0.826 0.369  6.521 (p<0.001)
CLIF-SOFA  0.695 (0.658-0.730) 0.021 8 0710 0.571  4.874 (p<0.001)
CLIF-OF 0.694 (0.657-0.729) 0.021 10 0.473  0.807  4.316 (p<0.001)
MELD 0.739 (0.704-0.772) 0.022 25 0.652 0.741  2.036 (p=0.042)
MELD-Na  0.727 (0.691-0.761) 0.022 24 0.797 0.560  2.760 (p=0.006)
WASP-ACLF  0.776 (0.743-0.808) 0.019 4 0.749 0.706 NA

First week (1=637)  CTP 0.643 (0.604-0.680) 0.022 11 0.824 0.440  6.124 (p<0.001)
CLIF-SOFA  0.713 (0.676-0.748) 0.021 0.731  0.576  4.142 (p<0.001)
CLIF-OF 0.711 (0.674-0.746) 0.021 9 0.753 0.582  3.518 (p<0.001)
MELD 0.725 (0.688-0.759) 0.023 23 0.692 0.679  2.564 (p=0.010)
MELD-Na  0.733 (0.697-0.767) 0.022 24 0.802 0.578  2.317 (p=0.021)
WASP-ACLF  0.780 (0.746-0.812) 0.019 4 0731  0.697 NA

Second week (n=610) CTP 0.672 (0.634-0.710) 0.023 11 0.768 0.534  5.112 (p<0.001)
CLIF-SOFA  0.730 (0.693-0.765) 0.021 0.690 0.655  4.003 (p<0.001)
CLIF-OF 0.732 (0.695-0.766) 0.022 0.743  0.620  3.613 (p<0.001)
MELD 0.754 (0.717-0.787) 0.024 22 0.742  0.695  2.057 (p=0.040)
MELD-Na  0.746 (0.710-0.780) 0.023 23 0.794 0.600  2.447 (p=0.014)
WASP-ACLF  0.799 (0.765-0.830) 0.020 4 0.723  0.728 NA

ACLF, acute-on-chronic liver failure; CLIF-OF, chronic liver failure consortium organ function; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CTP,
Child-Turcotte-Pugh; MELD, model for end-stage liver disease; WASP-ACLF, widely applicable and simple prognostic score of ACLF.

Table 3. Short-term mortality of grade II cases according to the trend of change in the WASP-ACLF score

Updated
WASP-ACLF
Time fasl;fyi‘g/??;; I;e';g sZeIZir?:mts ;/10805:2)|yity, x2-value, p-value ;:’)o&%nty, x2-value, p-value
90-day mor-
tality, % (n)
Third day Grade II Decrease 57.1 (4) x2=3.261, p=0.200 71.4 (5) x2=1.200, p=0.622
29.9 (75) No obvious change 28.2 (61) 50.0 (108)
50.6 (127) Increase 35.7 (10) 50.0 (14)
First week Grade II Decrease 6.7 (1) Xx2=6.768, p=0.032 20.0 (3) ¥x2=6.308, p=0.043
22.7 (53) No obvious change 20.7 (36) 44.3 (77)
45.1 (105) Increase 36.4 (16) 56.8 (25)
Second week Grade II Decrease 0.0 (0) x2=7.107, p=0.023 18.8 (3) x2=7.084, p=0.029
18.4 (38) No obvious change 16.8 (23) 43.1 (59)
44.4 (92) Increase 27.8 (15) 55.6 (30)
WASP-ACLF, widely applicable and simple prognostic score of acute-on-chronic liver failure.
Journal of Clinical and Translational Hepatology 2022 vol. 10(5) | 867-878 875
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Fig. 5. Comparison of the WASP-ACLF scores of the survivors and nonsurvivors in the prospective longitudinal cohort at (A) baseline, (B) the third day,
(C) the first week (C), and (D) the second week after admission. WASP-ACLF, widely applicable and simple prognostic score of acute-on-chronic liver failure.

risk patients with a decrease of =2 points, fluctuation within
2 points, and an increase of =2 points in WASP-ACLF from
baseline were 33.3%, 46.7%, and 66.7%, respectively.
These results were in general agreement with the retro-
spective statistics, but no significant differences were ob-
served because the small number of cases (p>0.05).

Discussion

There is considerable worldwide variability in the definition
and diagnostic criteria for ACLF, partly because of differ-
ences in the etiology of in Eastern and Western countries.
The main cause of ACLF in Asian countries is HBV infec-
tion. ALD is the main cause in America and European coun-
tries.12 Therefore, the precipitating events for ACLF tend to
vary. For example, in the CANONIC study® the most com-
mon precipitating events for ACLF were infections, followed
by alcohol abuse. In Asia, HBV reactivity remains the most
common cause, but the proportion of alcohol abuse has
shown an increase over successive years.” To overcome this
problem, the WGO has proposed a globally harmonized con-
sensus definition of ACLF that states that ACLF can occur
at all stages of the natural history of chronic liver disease,
including in the absence of cirrhosis as well as in the back-
drop of compensatory cirrhosis and uncompensated cirrho-
sis. They further defined ACLF at each of these stages as
types A, B, and C.12 The ACLF definition and classification
have been adopted in the latest Chinese guidelines for liver
failure.!3 The American Association for the Study of Liver
Diseases also supports a consensus definition of ALCF that
recommends narrowing the differences and simplifying the
criteria.! Therefore, the inclusion criteria of this study in-
cluded cases with chronic hepatitis, and both compensated
and decompensated cirrhosis.

Consistent with previous studies, the main etiologies of
the ACLF cases included in our study were HBV infection and
ALD, with no significant precipitating events in most cases.

In our study, WGO type was an independent prognostic fac-
tor for patients with ACLF. In recent years, the WGO type
has been applied in several ACLF studies. For example, Mu
et al.1* categorized 1,159 HBV-infected ACLF patients with
90 day follow-up data as types A, B, and C with significant
between-group differences in 90 day mortality of 31.1% for
type A; 40.9% for type B, and 61.4% for type C. ACLF type
was identified as an independent risk factor for 90 day mor-
tality in patients with HBV-ACLF.1* A study by Tang et al.1>
found that HBV reactivity was the main precipitating event in
patients with type A HBV-ACLF, bacterial infection predomi-
nated in type B cases and type C HBV-ACLF; liver and coagu-
lation failures were most common in patients with type A,
and renal failure was mainly observed in type C subjects. Tri-
typing of HBV-related ACLF following the WGO definition can
help distinguish the clinical characteristics, including precipi-
tating events, organ failure, and short-term prognosis.1>

In our study, age, WBC, HE, TB, Cr, and INR levels were
also independent prognostic factors for ACLF. In many
studies, age was negatively associated with ACLF progno-
sis.#16 This may be partly attributable to aging and age-
related complications, such as diabetes, skeletal muscle
loss, and coronary artery disease, which adversely affect
the outcomes of ACLF. Consistent with our study, Verma
et al.'7 found that ammonia level was a significant predic-
tor of HE occurrence and HE classification; in addition to
the above-mentioned factors, they also identified ammonia,
lactate, and systemic inflammatory response syndrome as
independent predictors of 30-day mortality in patients with
ACLF. Elevated WBC counts suggest potential infection, and
the CLIF C-ACLF model incorporates WBC in the calculation
equation, with high levels of WBC associated with increased
risk of ACLF mortality.° In addition, the latest simplified
version of the HBV-ACLF prognostic score proposed by the
Chinese Group on the Study of Severe Hepatitis B also in-
corporates six indicators, including neutrophils and age, and
has achieved highly predictive assessments.18

The regression equation and formula were too complex

876 Journal of Clinical and Translational Hepatology 2022 vol. 10(5) | 867-878
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for clinical application. For example, a previous study con-
ducted by our group proposed a prognostic model for ACLF
based on the trends in clinical indicators and baseline pa-
tient characteristics.!® However, the complex formula and
calculations make it less convenient and intuitive to use. On
the other hand, a quantitative table is easier to apply in clin-
ical settings. The WASP-ACLF developed in this study con-
sists of seven parameters with broad applicability and easy
availability. At day 1 and week 2 of sequential assessment,
WASP-ACLF had better predictive efficacy than the existing
prognostic scores, such as CTP, CLIF-SOFA, CLIF-OF, MELD,
and MELD-Na. In addition, we observed an improvement in
the AUC and DCA values over time, which reflect the pre-
dictive efficacy and clinical validity. Sequential assessment
at multiple time-points may accurately reflect the clinical
course and the responsiveness to medical treatment, and
theoretically improve the prognostic ability compared with
assessment at a single time point.29 Therefore, sequential
WASP-ACLF assessment was more helpful in determining
the prognosis of ACLF than other methods.

In this study, patients with ACLF were classified as low-
risk, intermediate-risk, and high-risk by their WASP-ACLF
scores. From the admission baseline to the second week,
grade I patients had 28-day mortality rates of no more than
10% and 90-day mortality rates of no more than 20%. In
contrast, grade III patients a 28-day mortality of approxi-
mately 60% and 90-day mortality of up to 70%. Therefore,
more attention should be paid to intermediate-risk patients,
in whom the 28-day mortality was 18.4-29.9%, and the 90-
day mortality was 44.4-50.6%, suggesting significant un-
certainty in the short-term prognosis. Our results illustrated
that the trend of change in WASP-ACLF allowed for better
prognostic assessment of grade II patients. On sequential
assessment at the first or second week, the 90-day mor-
tality of intermediate-risk groups was <20% for patients
with a decrease in WASP-ACLF of >2 points, while it was
up to 56% for patients with a =2 point increase. Similar
results were also found in the prospective longitudinal co-
hort. Consistent with our results, in a previous study, the
change in MELD score at the second week was found to be
an ideal time point to determine the prognosis of ACLF pa-
tients; the predicted survival rate in the next 60 days was
93.8% in patients who showed no increase in MELD score at
this time point.2! These findings strongly suggest that along
with continuous assessment, trends in WASP-ACLF need
to be considered, especially for intermediate-risk patients.
Comprehensive data allows for more accurate assessment
of patient condition and prognosis, facilitating personalized
treatment and liver transplantation strategies.

Conclusion

In conclusion, the WASP-ACLF proposed in this study is a
simple and widely applicable tool with good predictive effi-
cacy. Sequential assessments and evaluation of the trend of
change in WASP-ACLF facilitates accurate risk stratification
of ACLF patients.
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