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Interleukin-8 predicts short-term mortality in acute-on-chronic liver failure 
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ABSTRACT
Background:  Acute-on-chronic liver failure (ACLF) is a distinctive and severe syndrome, marked 
by an excessive systemic inflammatory response. In vivo, interleukin 8 (IL-8) is an essential 
pro-inflammatory cytokine. We aimed to investigate the value of serum IL-8 levels in predicting 
mortality in ACLF patients in the background of hepatitis B virus-related cirrhosis.
Methods: In this study, we conducted a retrospective analysis of the clinical baseline characteristics 
of 276 patients with ACLF in the context of HBV-related cirrhosis. Logistic regression analysis was 
employed to identify independent risk factors for short-, intermediate-, and long-term mortality. 
Using these independent risk factors, we developed a nomogram model, which was subsequently 
validated. To assess the clinical usefulness of the nomogram model, we performed decision curve 
analysis (DCA).
Results:  Out of the 276 patients with ACLF, 98 (35.5%), 113 (40.9%), and 128 (46.4%) died within 
28, 90, and 180 days, respectively. Serum IL-8 levels were only an independent predictor of 28-day 
mortality and could simply classify ACLF patients. Conversely, mean arterial pressure (MAP), 
HBV-DNA, and COSHACLF IIs were independent predictors of mortality across all three observation 
periods. We constructed a nomogram based on IL-8 that was able to visualise and predict 28-day 
mortality with a C-index of 0.901 (95% CI: 0.862–0.940). Our calibration curves, Predicted 
Probability of Death & Actual Survival Status plot, and Confusion Matrix demonstrated the 
nomogram model’s strong predictive power. DCA indicated the nomogram’s promising clinical 
utility in predicting 28-day mortality in ACLF patients.
Conclusion:  Serum IL-8 levels predict short-term mortality in ACLF patients in the background of 
HBV-associated cirrhosis, and the developed Nomogram model has strong predictive power and 
good clinical utility.

KEY MESSAGE
Systemic inflammatory response is a pathophysiological feature of patients with acute-on-chronic 
liver failure, and the serum level of interleukin-8 can predict the short-term prognosis of patients.

Introduction

Acute-on-chronic liver failure (ACLF) occurs in patients 
with chronic liver disease and is a life-threatening clinical 
disease characterised by a high 28-day mortality rate [1]. 
Hepatitis B virus (HBV), which affects an estimated 350 
million people worldwide, is a major cause of ACLF epi-
sodes, especially in the Asia-Pacific region [2, 3]. Cirrhosis 
is a common chronic liver disease, and given that cirrho-
sis is a progressive disease, it can be complicated by 
ACLF. Furthermore, the knowledge of the prognosis in 
patients with cirrhosis is rapidly being updated, with 
most patients dying due to acute deterioration of liver 
function driven by precipitating events [4], and ACLF is 

the clinical manifestation of this concept. The condition 
of ACLF patients at admission is related to the prognosis 
[5], and the pathophysiological characteristics of ACLF are 
characterised by a highly dynamic process [3]. Therefore, 
there is an urgent need for a biomarker that can enable 
early and accurate risk stratification of ACLF patients pro-
gressing to cirrhosis. However, there are no satisfactory 
biomarkers that address such dilemmas.

Systemic inflammation in patients with ACLF has 
been widely described. Immune imbalance is the core 
of its pathogenesis and outcome, and an excessive sys-
temic inflammatory response can lead to organ failure 
[4, 6, 7]. Leukocyte mitochondrial dysfunction with 
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abnormal leukocyte immunometabolism has been 
reported in ACLF patients [8], which gives us a new per-
spective on the relationship between the immune 
response products abnormally regulated by leukocytes 
and the severity of disease in ACLF patients. Interestingly, 
there is a correlation between proinflammatory factors 
and abnormal leukocyte energy metabolism in other 
diseases [9]. Interleukin 8 (IL-8) is a classical inflamma-
tory factor in the body. Studies have reported that the 
levels of certain inflammatory factors in the body pre-
dict prognosis in patients with ACLF [10, 11]. However, 
it is not known what role circulating IL-8 levels play in 
the prognosis of ACLF patients. Based on the above evi-
dence, the prognostic value of IL-8 in patients with 
HBV-ACLF should be discussed in depth.

In fact, several prognostic scores exist to assess 
patients with chronic liver disease, such as the 
Child-Turcotte-Pugh (CTP), Model for End-Stage Liver 
Disease (MELD), Model for End-Stage Liver Disease 
with Sodium (MELD-Na) and COSSHACLF IIs [12]. 
However, there are still limitations of these scores. For 
example, the CTP score is highly subjective and fails to 
take into account the impact of different aetiologies 
on liver function. The MELD score and MELD-Na score 
have limited application in some special cases, such as 
artificial liver support therapy, and hepatorenal syn-
drome. The COSSHACLF IIs, a prognostic score for pre-
dicting HBV-related ACLF recently developed by a 
team from China, currently demonstrates excellent 
predictive ability, but the score items fail to adequately 
take into account the inorganic immune inflammatory 
profile. Therefore, the development of a new score 

based on the level of pro-inflammatory biomarkers is 
worth trying and necessary.

In this study, we aimed to identify the prognostic 
value of serum IL-8 levels in predicting HBV-associated 
ACLF patients at different time points to develop a 
new model to predict mortality in ACLF patients based 
on serum IL-8 levels.

Methods

Patients

This retrospective study included patients with 
HVB-ACLF who were hospitalised in the First Affiliated 
Hospital of Nanchang University from April 2021 to 
March 2022. The inclusion criteria were 1) ≥18 years 
old, 2) diagnosed with ACLF and 3) clinical information 
is available including serum IL-8 levels. Exclusion crite-
ria included 1) Combined with other causes of hepati-
tis, 2) hepatocellular carcinoma, 3) previous liver 
transplantation, 4) complications associated with other 
severe chronic non-hepatic diseases, such as coronary 
heart disease or acute heart failure under anticoagula-
tion treatment, uncontrolled diabetes, or chronic kid-
ney disease, 5) pregnancy and 6) infection with HIV or 
receiving immune-suppressive medication. The study 
flow diagram was shown in Figure 1, and a total of 
276 patients with HBV-related-ACLF on a cirrhotic 
background were included in this cohort and subse-
quently analysed. The study flow diagram is shown in 
Figure 1, and a total of 276 patients with HBV related 
ACLF on a cirrhotic background were included in this 

Figure 1. D esign diagram of this study.
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cohort and subsequently analysed. Our study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Nanchang University (IIT [2021] 09). 
Informed consents of the patients were waived by the 
Ethics Committee of the First Affiliated Hospital of 
Nanchang University because of the retrospective and 
anonymous nature of the study.

Definitions

The diagnostic criteria for ACLF are established by the 
2019 consensus of the Asia-Pacific Association for the 
Study of the Liver (APASL) and are defined as follows: 
patients presenting with acute liver injury demon-
strated by jaundice (serum bilirubin ≥ 5 mg/dL) and 
coagulation dysfunction [international normalised ratio 
(INR) ≥1.5 or prothrombin activity < 40%], complicated 
within 4 weeks by clinical ascites and/or encephalopa-
thy, and previously diagnosed or undiagnosed chronic 
liver disease/cirrhosis [3]. The CTP score [13] is com-
puted based on albumin, ascites, serum bilirubin, 
hepatic encephalopathy, and prothrombin time. The 
MELD score [14] = 3.8 × log (bilirubin [mg/dL]) + 
11.2 × log (INR) + 9.6 × log (creatinine [mg/dL]) + 6.43. 
MELD-Na formula [15] = (0.025 × MELD × (140–Na)) + 
140. COSSH-ACLF IIs [12] = 1.649 × ln(INR)+ 0.457 × HE 
score (HE grade: 0/1, 1–2/2 and 3–4/3) + 0.425 × ln(-
neutrophil [109/L]) +0.396 × ln(TB [umol/L]) + 
0.576 × ln(serum urea [mmol/L]) + 0.033 × age.

Clinical data and treatment

The following demographic and clinical data were col-
lected from the patient’s electronic medical record sys-
tem. Clinical data also included inflammatory factors 
such as serum interleukin-8 (IL-8). IL-8 levels were 
determined with a cytokine detection reagent kit 
(AtomLife, Nanjing, China) based on flow cytometry 
with fluorescence and luminescence technology. The 
samples were analysed using a DxFLEX flow cytometer 
(Beckman, CA, USA). Laboratory parameters were mea-
sured in all subjects using fasting venous blood sam-
ples within the first 24 h of admission. All HBV-ACLF 
patients were followed up for 28, 90 and 180 days and 
mortality was measured at 28, 90 and 180 days.

All patients were administered nucleoside ana-
logues, which were oral anti-HBV drugs, and received 
standard supportive care during their hospitalisation. 
Moreover, patients were also closely monitored for 
potential complications. All decisions related to patient 
management were made by the attending clinicians 
based on the standard recommendations [3, 16] and 
the individual patient’s condition.

Statistical analysis

Continuous variables are shown as the mean and stan-
dard deviation (SD) or median and interquartile range 
(IQR), while categorical variables are shown as fre-
quencies (%). We tested whether the explanatory vari-
able had an interaction and found no significant 
interactions within the included variables. Student’s t 
tests or Mann–Whitney U test were performed for 
group comparisons. The diagnostic accuracy of rebleed-
ing was assessed by receiver operating characteristic 

Table 1.  Baseline characteristics of the enrolled patients.
Characteristic The cohort (n = 276)

Male (%) 230 (83.3%)
Age (years) 49.3 (12.4)
INR 1.88 (1.61-2.36)
PT (s) 20.6 (18.1-25.3)
D-dimer (mg/L) 1.99 (0.91-3.88)
MAP (mmHg) 86.8 ± 12.4
White blood cell count (109/L) 6.73 ± 3.25
Lymphocyte count (109/L) 1.21 ± 0.61
Neutrophil count (109/L) 4.97 ± 4.89
Haemoglobin (g/L) 120 ± 24.7
Platelet count (109/L) 113 ± 57.2
TBIL (μmol/L) 271 (168-366)
Albumin (g/L) 31.6 ± 4.45
ALT (U/L) 403 (90.9-1145)
AST (U/L) 272 (123-669)
ALP (U/L) 152 (122-194)
GGT (U/L) 104 (66.0-156)
sCr (μmol/L) 77.4 ± 74.7
BUN (mmol/) 3.85 (2.90-5.40)
Cholesterol (mmol/L) 2.67 (2.05-3.21)
Triglyceride (mmol/L) 1.11 (0.72-1.61)
HDL (mmol/L) 0.22 (0.16-0.36)
LDL (mmol/L) 1.00 (0.54-1.49)
sNa (mmol/L) 141 ± 75.6
IL-8 (log10 pg/mL) 1.63 ± 0.45
HBV-DNA (log10 IU/mL) 4.57 (2.76-6.21)
HBeAg-positive (%) 79 (28.6%)
28-days mortality (%) 98 (35.5%)
90-days mortality (%) 113 (40.9%)
180-days mortality (%) 128 (46.4%)
Stages of HE
 N one (%) 207 (75.0%)
  1-2 class (%) 22 (7.97%)
  3-4 class (%) 47 (17.0%)
Stages of ascites
 N one (%) 126 (45.7%)
  Mild ascites (%) 98 (35.5%)
  Moderate to severe ascites (%) 52 (18.8%)
Icterus (%) 271 (98.19%)
Gastrointestinal bleeding (%) 13 (4.7%)
CTP 11 (10-12)
MELD 21.1 (17.5-24.9)
MELD-Na 21.3 (17.5-27.1)
COSSHACLF IIs 6.82 (6.22-7.71)

Data are presented as the mean ± SD, n (%), or median (interquartile 
range).
Abbreviations: INR, international normalised ratio; PT, prothrombin time; 
MAP, mean artery pressure; TBIL, total bilirubin; ALT, Alanine aminotrans-
ferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, 
glutamyl transpeptidase; sCr, serum creatinine; BUN, blood urea nitrogen; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; sNa, Serum 
sodium; HBeAg, hepatitis B virus e antigen; CTP, Child-Turcotte-Pugh; 
MELD, Model for end-stage liver disease; MELDNa, MELD sodium; 
COSSH-ACLF IIs, Chinese Group on the Study of Severe Hepatitis B-ACLF II 
score.
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(ROC) analysis. Areas under the ROC curves (AUCs) 
were compared by the method of DeLong et  al. All 
levels of significance were set at a two-sided 5% level. 
All analyses were performed in R 4.1.2 (R Project for 
Statistical Computing, Vienna, Austria). The R statistical 
packages gtsummary tidyverse, performance, pROC, 
rms, compareGroups, performance, and barplot3d 
were used. The source file “stdca.r” was obtained from 
the website www.mskcc.org, which was used to draw 
the decision curve analysis (DCA) curves.

Results

Baseline characteristics of ACLF patients in the 
background of hepatitis B-related cirrhosis

This study retrospectively analysed 276 patients with 
ACLF in the background of hepatitis B-related cirrhosis 
(Table 1), the majority of whom were men, and the 
median age of this cohort was 49.3 years. Patients had 
a slightly lower mean arterial pressure level 
(86.8 ± 12.4 mmHg), a significantly abnormal liver func-
tion status including abnormally elevated levels of 
TBIL, AST, ALT, ALP, GGT, and decreased serum albumin 
levels. Some patients have impaired renal function, as 

evidenced by elevated serum creatinine levels and/or 
serum urea nitrogen. The majority of the patients did 
not have hepatic encephalopathy at the time of admis-
sion, and a comparison of IL-8 levels under specific 
complications is shown in Supplementary Table 1. 
Included patients had elevated liver-related prognostic 
scores at admission, as demonstrated by elevated CTP, 
MELD, MELD-Na, and COSSHACLF IIs. Moreover, the 
patients in this cohort had mortality rates of 35.5%, 
40.9%, and 46.4% at 28, 90, and 180 days, respectively.

Univariate and multivariate analyses identified 
risk factors for mortality in HBV-ACLF patients

To further identify the risk factors for mortality at dif-
ferent time points in HBV-ACLF patients, logistic regres-
sion analysis was used to analyse these clinical data. 
With 28 day mortality as the endpoint, univariate anal-
ysis revealed gender, age, INR, PT, MAP, WBC, TBIL, AST, 
BUN, cholesterol, IL-8, HBV-DNA, HBeAg, CTP, MELD, 
MELD-Na, and COSSHACLF IIs as risk factors. To avoid 
model overfitting due to multicollinearity between 
variables, the variance inflation factor (VIF) was 
employed [17] (Supplemental Figure 1A). We found 
that the VIF of INR was in an unacceptable range at 

Table 2.  Univariate and multivariate analysis for 28-day mortality in HBV-ACLF patients.

Characteristic

Univariate analysis Multivariate analysis

OR (95%CI) P value OR (95%CI) P value

Gender Female 0.448 (0.202-0.917) 0.036 0.25 (0.07-0.77) 0.021
Age 1.031 (1.011-1.054) 0.003 1.00 (0.96-1.05) 0.842
INR 6.142 (3.662-10.810) <0.001
PT 1.129 (1.083-1.183) <0.001 1.03 (0.95-1.08) 0.416
Ddimer 1.022 (0.993-1.066) 0.206
MAP 1.028 (1.008-1.050) 0.008 1.04 (1.01-1.07) 0.022
WBC 1.156 (1.069-1.255) <0.001 1.02 (0.88-1.18) 0.758
Haemoglobin 0.995 (0.986-1.005) 0.404
Platelet count 0.998 (0.994-1.003) 0.438
TBIL 1.004 (1.003-1.007) <0.001 1.00 (1.00-1.01) 0.182
Albumin 0.986 (0.931-1.043) 0.633
ALT 1.000 (0.999-1.001) 0.778
AST 1.0006 (1.0002-1.0011) 0.003 1.00 (1.00-1.00) 0.095
ALP 0.999 (0.996-1.001) 0.527
GGT 1.001 (0.998-1.002) 0.625
sCr 1.001 (0.998-1.005) 0.493
BUN 1.100(1.017-1.200) 0.022 0.97 (0.85-1.10) 0.674
Cholesterol 0.732 (0.541-0.961) 0.035 1.03 (0.75-1.39) 0.83
Triglyceride 0.770 (0.534-1.085) 0.148
HDL 0.890 (0.388-1.085) 0.605
LDL 0.787 (0.537-1.130) 0.205
sNa 1.003 (0.998-1.007) 0.429
IL8* 2.882 (1.610-5.341) <0.001 3.25 (1.36-8.24) 0.01
HBV-DNA* 1.240 (1.085-1.424) 0.002 1.3 (1.03-1.65) 0.028
HBeAg Positive 0.564 (0.312-0.991) 0.051 0.6 (0.24-1.51) 0.282
CTP 1.897 (1.564-2.338) <0.001 1.24 (0.90-1.74) 0.194
MELD 1.201 (1.137-1.275) <0.001 1.02 (0.87-1.18) 0.837
MELD-Na 1.121 (1.081-1.167) <0.001 0.98 (0.90-1.08) 0.716
COSSHACLF IIs 4.813 (3.355-7.240) <0.001 4.03 (1.68-10.6) 0.003
*Data will be log10 normalised.
Abbreviations: INR, international normalised ratio; PT, prothrombin time; MAP, mean artery pressure; WBC, White blood cell count; TBIL, total bilirubin; ALT, 
Alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, glutamyl transpeptidase; sCr, serum creatinine; BUN, blood urea 
nitrogen; HDL, high-density lipoprotein; LDL, low-density lipoprotein; sNa, Serum sodium; HBeAg, hepatitis B virus e antigen; CTP, Child-Turcotte-Pugh; 
MELD, Model for end-stage liver disease; MELD-Na, MELD sodium; COSSH-ACLF IIs, Chinese Group on the Study of Severe Hepatitis B-ACLF II score. Bold 
values imply that p-value is less than 0.05.
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this time and removed it from the multivariate regres-
sion analysis. Ultimately, we identified gender, MAP, 
IL-8, HBV-DNA, COSSHACLF IIs as independent risk fac-
tors for 28-days mortality in patients (Table 2).

Similar approaches were used to identify indepen-
dent risk factors for 90- and 180-day mortality 
(Supplementary Tables 2 and 3). The VIF of variables 
was also calculated before inclusion in the multivariate 
analysis (Supplementary Figure B,C). Notably, serum 
IL-8 was only an independent risk factor for 28-day 
mortality but not for 90- and 180-day mortality. MAP, 
HBV-DNA, COSSHACLF IIs were independent risk fac-
tors shared among the three time points.

IL-8 can preliminarily discriminate high-risk 
populations for 28-day mortality

To further investigate the prognostic value of IL-8, we 
found the optimal cutoff value for IL8 (log10IL8 = 1.516). 
Based on the cutoff value, the cohort patients were 
divided into high IL-8 level and low IL-8 level  
groups, and their clinical baseline characteristics were 
further compared (Table 3). We found a significant dif-
ference in 28-day mortality rate between the two 
groups, while the high IL-8 level group had higher TBIL, 
and sCr levels, and poorer liver function as indicated by 
higher MELD, MELD-Na, and COSSHACLF IIs scores.

Development and validation of nomogram based 
on IL-8 levels for predicting 28-day mortality

A nomogram was developed based on independent 
risk factors for 28-day mortality in HBV-ACLF patients 
(Figure 2A). Calibration curves were used to evaluate 
the predictive ability of the nomogram model, as 
shown in Figure 2B, with a high degree of agreement 
between predicted and observed survival probabilities. 
The C-index of the nomogram model was 0.901 (95% 
CI: 0.862–0.940), also suggesting a high accuracy of 
the model prediction. Figure 2C is a predicted proba-
bility plot that intuitively demonstrates the predicted 
probability of death and true survival for the entire 
cohort of patients. The confusion matrix is a situation 
analysis table in the prediction model that summarises 
the prediction results of the classification model. The 
accuracy, precision and recall of the nomogram model 
were 0.855, 0.931 and 0.837, respectively. The confu-
sion matrix was displayed as a 2D planar plot (Figure 
3A) and a 3D stereoscopic bar plot (Figure 3B,C), which 
intuitively displayed the number of classified patients 
and the real number of patients in the model. 
Altogether, the above results suggested that the 

nomogram based on the IL-8 level could predict 
28-day mortality of patients with high accuracy.

Comparison of the nomogram model based on IL-8 
level and existing liver related prognostic models

First, we compared the AUROCs of the nomogram 
model and other existing prediction models (scores), 
including CTP, MELD, MELD-Na, COSSTACLF IIs. As shown 

Table 3. C omparison of patient characteristics in the high IL-8 
level and low IL8- level groups.

Characteristic
Low IL-8 level 

group (n = 110)
High IL-8 level 
group (n = 166) P value

Gender 0.912
  Male 92 (83.6%) 138 (83.1%)
 F emale 18 (16.4%) 28 (16.9%)
28-day mortality 

(%)
<0.001

 S urvival 85 (77.3%) 93 (56.0%)
 D eath 25 (22.7%) 73 (44.0%)
Age (years) 48.1 ± 2.6 50.1 ± 12.2 0.183
INR 1.85 (1.61-2.40) 1.89 (1.61-2.30) 0.914
PT (s) 20.6 (18.1-26.5) 20.6 (18.1-25.0) 0.810
D-dimer (mg/L) 1.68 (0.82-3.95) 2.29 (1.02-3.78) 0.253
MAP (mmHg) 86.6 ± 11.9 86.9 ± 12.7 0.799
White blood cell 

count (109/L)
6.56 ± 3.13 6.84 ± 3.33 0.469

Lymphocyte 
count (109/L)

1.27 ± 0.61 1.16 ± 0.61 0.136

Neutrophil count 
(109/L)

5.06 ± 6.75 4.92 ± 3.12 0.843

Haemoglobin 
(g/L)

120 ± 22.5 120 ± 26.1 0.910

Platelet count 
(109/L)

108 ± 62.8) 116 ± 53.1 0.255

TBIL (μmol/L) 229 (125-336) 296 (203-391) 0.002
Albumin (g/L) 31.9 ± 5.23 31.4 ± 3.85 0.444
ALT (U/L) 378 (83.3-1165) 423 (98.8-1134) 0.622
AST (U/L) 227 (92.0-651) 308 (141-673) 0.104
ALP (U/L) 151 (122-193) 154 (122-198) 0.639
GGT (U/L) 112 (67.2-154) 102 (66.0-156) 0.970
sCr (μmol/L) 68.3 ± 22.1 83.4 ± 94.3 0.048
BUN (mmol/) 3.70 (2.82-5.30) 3.90 (2.92-5.60) 0.353
Cholesterol 

(mmol/L)
2.68 (2.04-3.20) 2.67 (2.05-3.19) 0.815

Triglyceride 
(mmol/L)

0.96 (0.55-1.44) 1.24 (0.82-1.64) 0.002

HDL (mmol/L) 0.26 (0.17-0.44) 0.20 (0.15-0.30) 0.003
LDL (mmol/L) 1.04 (0.63-1.60) 0.99 (0.44-1.40) 0.060
sNa (mmol/L) 138 ± 4.02 144 ± 97.5 0.410
HBV-DNA (log10 

IU/mL)
4.33 (2.77-5.57) 4.77 (2.78-6.65) 0.068

HBeAg (%) 0.412
 N egative 75 (68.2%) 122 (73.5%)
  Positive 35 (31.8%) 44 (26.5%)
CTP 11.0 (9.00-12.0) 11.0 (10.0-12.0) 0.087
MELD 19.8 (16.8-23.6) 21.8 (18.4-25.2) 0.015
MELD-Na 20.4 (17.0-24.9) 22.7 (18.4-28.2) 0.005
COSSHACLF IIs 6.65 (6.09-7.46) 6.95 (6.36-7.80) 0.025
Data are presented as the mean ± SD, n (%), or median (interquartile 
range).
Abbreviations: INR, international normalised ratio; PT, prothrombin time; 
MAP, mean artery pressure; TBIL, total bilirubin; ALT, Alanine aminotrans-
ferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, 
glutamyl transpeptidase; sCr, serum creatinine; BUN, blood urea nitrogen; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; sNa, Serum 
sodium; PCT, procalcitonin; HBeAg, hepatitis B virus e antigen; CTP, 
Child-Turcotte-Pugh; COSSH-ACLF IIs, Chinese Group on the Study of 
Severe Hepatitis B-ACLF II score; MELD, Model for end-stage liver disease; 
MELD-Na, MELD sodium.  Bold values imply that p-value is less than 0.05.

https://doi.org/10.1080/07853890.2023.2287708
https://doi.org/10.1080/07853890.2023.2287708
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in Table 4, the accuracy of prediction of the nomogram 
model was higher than that of the three models used 
for comparison, and the differences were statistically 
significant. The receiver operating characteristic curve 
also illustrated the high accuracy of the predictive 

ability of the nomogram model (Figure 4). We further 
compared the prediction performance of IL-8 alone and 
the nomogram, and the results showed that the predic-
tion performance of the nomogram was significantly 
better than that of IL-8 alone.

Figure 2. N omogram based on IL-8 levels and its validation. (A) Nomogram developed based on serum IL-8 levels. (B) Nomogram’s 
calibration curve. (C) Patient predicted probability of death & actual survival status plot.
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Clinical utility analysis of the nomogram

DCA is an appropriate method for assessing predictive 
models by the net benefit and the range of threshold 
probabilities and it offers advantages over other com-
monly used measurements and techniques [18]. In pre-
dicting 28-day mortality in HBV-ACLF patients, the net 
benefit of the Nomogram based on IL-8 level model 
was higher than that of the MELD, MELD-Na and 
COSSTACLF IIs, which suggests its high value for clinical 
application (Figure 5).

Discussion

The aetiology of ACLF in the Asia-Pacific region is 
mainly related to hepatitis B virus infection [19], which 
is different from the disease spectrum of ACLF patients 
defined by the EASL-CLIF Consortium [4], as their main 
causes of the disease are mainly alcoholic and hepati-
tis C. At the same time, the APASL’s standards do not 

emphasise the onset of liver cirrhosis in the context, 
and there is currently a gap in the prognosis of this 
segmented population. In this study, we reported the 
prognostic value of serum IL-8 levels in HBV-associated-
ACLF in the background of cirrhosis. A simple classifi-
cation based on serum IL-8 levels was able to initially 
classify ACLF patients into high- and low-risk groups. 
The nomogram model, based on serum IL-8 levels and 
common clinical indicators, accurately predicts 28-day 
mortality but not 90-day and 180-day mortality. 
Moreover, DCA demonstrated that the developed 
nomogram model holds promising clinical utility.

The positive criteria defined in the APASL-ACLF 
Consortium emphasise: a prior diagnosis of chronic 
liver disease, such as cirrhosis or noncirrhosis, which is 
a significant point of differentiation from the diagnos-
tic criteria of the EASL-ACLF Consortium [3, 4]. To 
bridge the gap between diagnostic criteria, we exam-
ined the prognostic status of cirrhotic patients with 
ACLF using the APASL-ACLF criteria. With effective 
medical management, patients with acute decompen-
sated cirrhosis can return to a compensated or even 
precirrhotic state [20, 21]. This presents an urgent 
need for a time window for the treatment of such 
patients, and early identification and classification of 
such patients can greatly improve their survival.

Systemic inflammation has been extensively 
described in the pathophysiology of ACLF and its abil-
ity to contribute to the progression of the disease 
course of ACLF [6, 22, 23]. Alberto Zanetto et  al. [24] 
also found that the severity of systemic inflammation 

Figure 3. C onfusion matrix for the nomogram model. (A) Planar confusion matrix diagram. (B,C) 3D confusion matrix to visualise 
differences in numbers by category.

Table 4.  Accuracy of different models to predict 28-days mor-
tality in patients with HBV-ACLF.
Models AUROC P-value*

CTP vs. Nomogram 0.745 vs. 0.901 <0.001
MELD vs. Nomogram 0.792 vs. 0.901 <0.001
MELDNa vs. Nomogram 0.769 vs. 0.901 <0.001
COSSHACLF IIs vs. 

Nomogram
0.861 vs. 0.901 0.002

*DeLong’s test for two correlated ROC curves.
Abbreviations: CTP, Child-Turcotte-Pugh; COSSH-ACLF IIs, Chinese Group on 
the Study of Severe Hepatitis B-ACLF II score; MELD, Model for end-stage 
liver disease; MELD-Na, MELD sodium.
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was a major predictor of ACLF in patients with acute 
decompensated liver cirrhosis. In fact, the inflamma-
tory hypothesis suggests that the systemic inflamma-
tion of cirrhosis consists of a continuous translocation 
of bacterial products from the leaky gut to the sys-
temic circulation and the resultant immune imbalance 
[23]. Unlike the above studies, our study used levels of 
cytokines secreted by immune cells, such as serum IL-8 

levels, to predict patient prognosis, rather than tradi-
tional inflammatory markers such as practical C-reactive 
protein or procalcitonin.

In the pathophysiology of ACLF, excessive inflam-
mation and altered immune status are the main fea-
tures of the disease [25], and the use of inflammatory 
factor levels to characterise the prognosis of HBV-ACLF 
patients in the background of cirrhosis is inferred to 

Figure 4.  Area under the receiver operating characteristic curves analysis. (A) AUROC of CTP predicted 28-day mortality vs. AUROC 
of the nomogram model predicted 28-day mortality. (B) AUROC of MELD predicted 28-day mortality vs. AUROC of the nomogram 
model predicted 28-day mortality. (C) AUROC of MELD-Na predicted 28-day mortality vs. AUROC of the nomogram model pre-
dicted 28-day mortality. (D) AUROC of COSSHACLF IIs predicted 28-day mortality vs. AUROC of the nomogram model predicted 
28-day mortality.
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be reasonable. Using a similar approach described 
above, Lehmann et  al. [10] found that circulating 
CXCL10 predicted mortality in patients with ACLF, and 
Ruiz-Margáin et  al. [26] found that fibroblast growth 
factor 21 served as an early predictor of acute chronic 
liver failure in critically ill patients with cirrhosis. 
Although the above inflammatory factor-related bio-
markers have been shown to be strongly associated 
with ACLF, detection of the above biomarkers is still 
not available in most health care centres.

IL-8 is produced by various types of cells in inflam-
mation and is a chemotactic cytokine for leukocytes 
[27]. Multivariate logistic regression analysis based on 
cohort data showed that IL-8 was an independent risk 
factor for 28-day mortality in patients with HBV-ACLF. 
Our data suggest that the best cutoff value obtained 
for serum IL-8 levels at patient admission can be used 
to initially classify patients, and that patients with high 
levels of IL-8 have a higher 28-day mortality rate. This 
may imply a more disturbed immune status and higher 

Figure 5. D ecision curve analysis. (A) DCA curves of CTP and the nomogram model to predict 28-day mortality. (B) DCA curves 
of MELD and the nomogram model to predict 28-day mortality. (C) DCA curves of MELD-Na and the nomogram model to predict 
28-day mortality. (D) DCA curves of COSSHACLF IIs and the nomogram model to predict 28-day mortality.
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levels of inflammation in patients with high mortality, 
consistent with the fact that basic research has also 
shown that IL-8 ligands can activate different 
inflammation-related pathways [27, 28].

Interestingly, the COSSHACLF IIs, which developed 
based on the Chinese cohort, showed better accuracy 
in predicting mortality within 28 days, with an AUROC 
of 0.861 in our cohort, such that the results were sim-
ilar to those currently available [12, 29]. Moreover, 
serum HBV-DNA copy number was also considered an 
independent predictor of mortality in patients with 
ACLF. This is in agreement with the pathophysiology of 
HBV-ACLF patients, due to the fact that HBV reactiva-
tion increases the risk of acute exacerbation of liver 
failure and mortality in cirrhosis [30]. Hemodynamic 
disturbances are present in patients with ACLF and cir-
rhosis, and the haemodynamics of patients with ACLF 
are very similar to those of patients with decompen-
sated cirrhosis [31], which allows MAP to be a risk fac-
tor for mortality in patients with ACLF occurring in the 
cirrhotic setting.

There are potential limitations to this study. First, 
this is a single-centre retrospective study and there is 
inevitably bias. However, we performed a complete 
statistical analysis of this cohort and we strictly 
adhered to the ranking criterion in order to minimise 
bias caused by human factors. Second, we were unable 
to include data from other medical centres for external 
validation. That is, we were missing data for the valida-
tion cohort. To save this limitation, the internal valida-
tion of our data suggests that the nomogram model 
developed based on IL-8 has reliable predictive accu-
racy. Finally, due to the experimental design, we were 
not able to record the dynamic changes in IL-8 levels. 
In the high IL-8 level group, is there a consistency in 
the changes of IL-8 in those patients who survived 
and those who died? This change in the dynamics of 
inflammation in vivo during hospitalisation is worthy 
of a subsequent study by our team.

In conclusion, we report that serum IL-8 predicts 
short-term mortality but not medium- and long-term 
mortality in patients with ACLF in the background of 
post hepatitis B cirrhosis. The nomogram, constructed 
using the IL-8 level and common clinical indicators, 
provides a convenient tool for clinicians to classify 
patients with varying risks of ACLF by visualising 
28-day mortality.
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