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Abstract

Background. Acute-on-chronic liver failure (ACLF) is characterized by rapid onset, rapid development and
ahigh short-term mortality rate. Systemic inflammation exerts an effect on the disease progression of ACLF.

Objectives. The purposes of this study were to explore the clinical significance that the inflammatory
response has on the disease process of hepatitis B virus acute-on-chronic liver failure (HBV-ACLF) patients,
to further compare the values of different inflammation-related hiomarkers in the prognosis evaluation
of HBV-ACLF patients, and to combine inflammatory-related markers to establish a new prediction model.

Materials and methods. Baseline admission data and 90-day outcomes were collected from 247 patients
who met the inclusion criteria. According to the 90-day survival situation, they were divided into a survival
group and a death group. The differences in baseline data and inflammation levels between the 2 groups
were compared. A regression model was used to analyze the risk factors for 90-day mortality and establish
anew model.

Results. The study found that the differences between the survival group and the death group were
statistically significant in terms of age, total bilirubin (Thil), prothrombin time (PT), international standard-
ized ratio (INR), inflammation level, and mode! for end-stage liver disease (MELD) series scores (p < 0.05).
The monocyte-to-lymphocyte ratio (MLR)-integrated iIMELD model (MLR-IMELD) can effectively predict
the 90-day survival rate of HBV-ACLF patients. The area under the receiver operating characteristic (ROC)
curve (AUROC) of the new model was 0.792, and the best cutoff for predicting the prognosis of 90 days for
patients was —0.33 (sensitivity 0.577 and specificity 0.898).

Conclusions. The higher the level of inflammation in patients with HBV-ACLF, the greater the risk of 90-
day death. Compared with other inflammation-related markers, the MLR-IMELD model can better predict
the 90-day survival rate of HBV-ACLF patients.
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Background

Acute-on-chronic liver failure (ACLF) has gained increas-
ing recognition due to its high short-term mortality rate.!
The Asian Pacific Association for the Study of the Liver
(APASL) defines ACLF as an acute liver injury that occurs
as a result of chronic liver disease and is triggered by acute
factors. Among them, acute liver damage induced by hepatitis
B virus (HBV) reactivation, alcohol consumption and infec-
tion are the most common. Acute-on-chronic liver failure
is characterized by jaundice and coagulation dysfunction, and
it is prone to clinical ascites and/or hepatic encephalopathy.?
Although there is still no consensus for the definition of ACLF,
the poor clinical prognosis in patients with ACLF is undeni-
able. With changes in the epidemiological profile of ACLF
in the Asia—Pacific region, the proportion of acute liver in-
jury caused by alcohol has increased gradually, but acute liver
injury caused by HBV reactivation is still the main reason.?
The progression from compensated to decompensated and
ACLF after HBV infection is characterized by complications
related to cirrhosis and extrahepatic organ tissue damage.*

The strong inflammatory reaction caused by immune acti-
vation or inhibition during the progression of ACLF is crucial
for the prognosis of patients.® Indeed, some studies have con-
firmed that certain inflammation-related blood laboratory
indicators, such as neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), platelet-to-leukocyte
ratio (PWR), and platelet-to-lymphocyte ratio (PLR), among
others, can better reflect the baseline inflammatory response
and immune status of patients with ACLF or non-ACLF pa-
tients.®'% In addition, some inflammatory combination in-
dicators, such as the systemic immune—inflammation index
(SII) and the prognostic nutritional index (PNI), have certain
clinical value in non-ACLF diseases, but the above indicators
are rarely reported in HBV-ACLF.!'"13 Given the high short-
term mortality of HBV-ACLE, early identification and evalu-
ation of the severity of the disease are critical for subsequent
treatment and improved patient outcomes. Various prognos-
tic models, including the model for end-stage liver disease
(MELD), COSSH-ACLF score and CLIF-C ACLF score, are
considered suitable for predicting the prognosis of patients
with HBV-ACLF."*-® Among the above models, the MELD
serial scoring model (MELD, MELD-Na, iMELD) does not
consider the influence of infection and inflammation. Al-
though neutrophils are included in the COSSH-ACLEF score,
there is a certain subjective bias due to the inclusion of the he-
patic encephalopathy score in the model. For the CLIF-C
score, which includes white blood cell count (WBC), its clini-
cal application also has certain limitations because white
blood cells are easily affected by hypersplenism.

Objectives

Therefore, this study will further explore the influence
of the inflammatory response on HBV-ACLF and compare
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the clinical value of single inflammation-related indicators
for prognostic evaluation. It will suggest a new model with
better evaluation efficiency combined with inflammation-
related indicators.

Materials and methods
Patients

This is a retrospective observational study. In view
of the high incidence of HBV in the Asia—Pacific region, we
enrolled patients with HBV-ACLF who met the definition
of the APASL: “ACLF is an acute hepatic insult manifesting
as jaundice (serum bilirubin =5 mg/dL or 85 micromol/L)
and coagulopathy (international standardized ratio
(INR) = 1.5 or prothrombin activity <40%) complicated
within 4 weeks by clinical ascites and/or encephalopathy
in a patient with previously diagnosed or undiagnosed
chronic liver disease/cirrhosis and is associated with a high
28-day mortality”.? We collected the records of HBV-ACLF
patients from 2015 to 2020 at the People’s Liberation Army
The General Hospital of Western Theater Command
(Chengdu, China). The study included a total of 271 pa-
tients; 24 patients were excluded according to the exclu-
sion criteria, leaving 247 patients who were ultimately in-
cluded in the study group. All patients were followed up
for 90 days, mainly through the hospital medical record
system and telephone communication. The study endpoint
was the patient’s survival at 90 days, and the secondary
endpoint was death or liver transplantation. The exclu-
sion criteria were: 1) patients under 18 and over 80 years
of age; 2) viral infections other than HBV; 3) combined
with other types of chronic liver disease; 4) patients with
severe cardiopulmonary disease or chronic kidney disease
(CKD); 5) suspected or confirmed malignancy; 6) pregnant
or breastfeeding; 7) received a liver transplant; 8) no recent
history of hormone or antibiotic use; and 9) incomplete
data (Fig. 1).

Clinical data collection

Baseline data and 90-day survival were collected. All
clinical data were collected through the hospital health
system, and 90-day survival was followed up by telephone
by the investigators. Clinical data mainly included routine
blood tests (platelets, neutrophils, lymphocytes, mono-
cytes, and leukocytes) and blood biochemical indexes
(albumin, prealbumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin (Tbil),
and coagulation parameters (prothrombin time (PT) and
INR)). Upon admission, patients underwent calculation
of their MELD serial scores. Baseline inflammation-re-
lated measures were calculated as follows: NLR = neu-
trophil (x10%/L)/lymphocyte (x10°/L), MLR = monocyte
(x10°/L)/lymphocyte (x10°/L), SII = platelet (x10°/L) * NLR,
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Fig. 1. Study flowchart

liver diseases

24 patients were excluded:

11 patients had incomplete data

4 had suspected or confirmed malignancy
2 patients were over 80 years old

3 had severe cardiopulmonary diseases

4 were combined with other chronic

/
247 HBV-ACLF patients

Follow-up for 90 days

/

Survival group (176) Death group (71)

PLR = platelet (x10°/L)/lymphocyte (x10°/L), PWR = plate-
let (x10%/L)/leukocyte (x10°/L), and PNI = albumin (g/L) +
5 * lymphocyte (x10°/L).

Statistical analyses

Statistical analyses were performed with the use of SPSS
v. 27.0 (IBM Corp., Armonk, USA). The Kolmogorov—
Smirnov test was used to test the normality of quantita-
tive data. Continuous variables conforming to the normal
distribution were expressed as mean + standard deviation
(£SD); if not normally distributed, they were expressed
as median (Q1-Q3). Pearson’s correlation analysis was
used to test the correlation between MELD score and other
clinical characteristics of patients. Non-parametric tests
were used to determine the indicators with statistical dif-
ferences between the 2 groups. Multivariate regression
models were used to determine the risk factors for 90-day
mortality based on the results of multivariate logistic re-
gression to construct a new prediction model. A receiver
operating characteristic (ROC) curve was used to further
analyze the performance of the model, and the cumula-
tive survival rate of the HBV-ACLF patients at 90 days
was plotted using a Kaplan—Meier curve. For all statistical
analyses, p-values were two-sided, and p < 0.1 was consid-
ered to indicate statistical significance.

Results
Patient characteristics

A total of 247 HBV-ACLF patients were included in this
study. The characteristics of the patients and their labora-
tory data are shown in Table 1. Among the 247 participants,
176 were in the survival group and 71 were in the death
group, with a 90-day survival rate of 71.26%. By compar-
ing the 2 groups, it was found that the levels of platelets,

lymphocytes, albumin, ALT, and PWR were significantly
higher in the survival group than in the non-survival pa-
tients. The age of the patients in the survival group and their
PT, INR, AST, serum creatinine, TBil, neutrophils, mono-
cytes, NLR, MLR, MELD, MELD-na, and iMELD score were
significantly lower than those in the death group (p < 0.05).

Correlation between inflammatory
biomarkers and MELD score

To further understand the correlation between in-
flammation and the disease status of patients, we used
Pearson’s correlation analysis to confirm our conjecture.
The results showed that there was a certain correlation
between inflammation-related markers and MELD score
in HBV-ACLEF patients, among which NLR, MLR, SII, PNI,
leukocyte count, neutrophil count, and monocyte count
were positively correlated with MELD score (r-values
of 0.254, 0.496, 0.133, 0.145, 0.319, 0.214, and 0.423, re-
spectively). Conversely, PWR and lymphocyte count were
negatively correlated with MELD score (r-values of —0.425
and —0.188, respectively) (p < 0.05) (Table 2).

Comparing the predictive value
of inflammatory biomarkers and
establishing a new predictive model

We compared 90-day survival rates in the 247 hepatitis B
virus acute-on-chronic liver failure (HBV-ACLF) patients,
among which there were 176 (71.26%) survivors and 71
(28.74%) deceased. Multivariate binary logistic regression
was used to screen the variables (Table 3). We found that
MLR and iMELD were independent predictors of patient
outcomes at 90 days (p < 0.1). Therefore, we developed
a new prognostic model (MLR-iMELD score) for patients
with HBV-ACLF. The mathematical formula was as fol-
lows: MLR-iMELD score = 0.855 x MLR + 0.125 x iMELD
—6.768. To further evaluate the predictive value of the new
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Table 1. Clinical characteristics and outcomes of HBV-ACLF patients

HBV-ACLF (n = 247)

Variable Zvalue
Survival group (n = 176) Death group (n=71)
Age [years] 48 (37-56) 52 (47-61) -3.68 <0.001
Platelet [x10%L] 105.00 (76.25-138.00) 80.00 (60.00-128.00) -2.88 0.004
Neutrophil [x10%/L] 4.07 (2.77-5.61) 5.06 (3.50-7.23) -2.98 0.003
Lymphocyte [x10%/L] 1.07 (0.81-1.52) 0.89(0.71-1.12) -3.18 0.001
Monocyte [x10%L] 0.46 (0.36-0.67) 0.64 (0.41-0.86) -2.93 0.003
Leukocyte [x10%/L] 5.66 (4.42-7.72) 6.74 (4.93-9.13) -2.31 0.057
Albumin [g/L] 33.40 (30.79-37.50) 31.50 (28.30-34.80) -344 0.003
Prealbumin [mg/L] 58.50 (37.25-71.00) 43.00 (30.59-57.00) -3.39 0.001
Tbil [umol/L] 233.80 (160.65-354.50) 344.60 (226.00-481.73) -4.03 <0.001
ALT [umol/L] 482.65 (162.45-1048.27) 258.30 (97.40-881.80) -2.28 0.026
AST [umol/L] 365.50 (145.42-815.25) 274.90 (118.70-713.90) -1.16 0.244
PT [s] 16.80 (14.42-19.50) 21.30 (18.40-25.60) -6.20 <0.001
Scr [umol/L] 72.00 (61.00-85.75) 75.00 (65.00-93.00) -2.11 0.035
INR 148 (1.29-1.72) 1.90 (1.63-2.29) -6.16 <0.001
NLR 3.87 (2.59-5.04) 5.82(3.38-841) -4.54 <0.001
MLR 045 (0.33-0.61) 0.68 (0.45-1.02) -5.18 <0.001
PLR 96.67 (66.11-145.86) 100.00 (67.07-138.77) -0.30 0.976
PWR 17.93 (12.91-23.99) 13.40 (8.57-19.30) -3.84 0.004
Sl 387.02 (226.42-653.31) 435.15 (257.21-752.97) -1.50 0321
PNI 39.35 (36.21-44.02) 38.30 (35.85-45.50) -3.84 0213
MELD 18.72 (15.54-22.04) 23.75 (20.62-27.84) -6.36 <0.001
MELD-Na 19.55 (16.15-24.78) 26.34(22.80-33.22) -6.91 <0.001
iIMELD 3842 (32.75-43.53) 47.05 (41.46-52.51) -6.43 <0.001

PT - prothrombin time; INR — international normalized ratio; ALT — alanine aminotransferase; AST — aspartate aminotransferase; TBil - total bilirubin;
Scr - serum creatinine; NLR — neutrophil-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio; SIl — systemic immune inflammatory index;
PLR - platelet-to-lymphocyte ratio; PWR — platelet-to-leukocyte ratio; PNI — prognostic nutritional index; MELD — a model for end-stage liver disease;

MELD-Na - MELD-sodium; iMELD - integrated MELD.

Table 2. Pearson’s correlation analysis between inflammation markers and
MELD score

Inflammatory MELD

markers r-value t-value
Leukocyte 0.319 5276 <0.001
Neutrophil 0214 3425 <0.001
Lymphocyte -0.188 -2.994 0.003
Monocyte 0423 7.301 <0.001
NLR 0.254 4.109 <0.001
MLR 0.496 8.947 <0.001
Sl 0.133 2.093 0.037
PLR 0.014 0217 0.828
PWR -0425 -7.353 <0.001
PNI 0.145 2289 0.023

MLR = monocyte-to-lymphocyte ratio; SIl - systemic immune
inflammatory index; PLR - platelet-to-lymphocyte ratio; PWR - platelet-
to-leukocyte ratio; PNI - prognostic nutritional index; MELD — a model for
end-stage liver disease.

model, we compared the clinical values of NLR, MLR,
PWR, PLR, PNI, MELD, MELD-Na, iMELD, and MLR-
iMELD scores by analyzing the area under the ROC curve
(AUROC) (Fig. 2). Except for PLR and PNI, all other indi-
cators showed statistical significance. The sensitivity and
specificity were 0.606 and 0.767 for NLR, 0.549 and 0.767
for MLR, 0.577 and 0.670 for PWR, 0.803 and 0.597 for
MELD score, 0.831 and 0.619 for MELD-Na score, 0.831
and 0.619 for iMELD score, and 0.577 and 0.898 for MLR-
iMELD score, respectively (Table 4). The AUROC curves
were 0.684 (0.611-0.758) for NLR, 0.711 (0.641-0.780) for
MLR, 0.656 (0.579-0.733) for PWR, 0.510 (0.424—-0.596)
for PNI, 0.758 (0.692-0.825) for MELD score, 0.761
(0.695-0.827) for MELD-Na score, 0.781 (0.715—0.847)
for iMELD score, and 0.792 (0.727-0.857) for MLR-iMELD
score (Table 4).

Performance of the MLR-iMELD model

By comparing the new model with other inflammation
ratios and models, we found that the new model had better
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Fig. 2. A. Receiver operating characteristic (ROC) curves of MLR-IMELD for predicting 90-day mortality in hepatitis B virus acute-on-chronic liver failure
(HBV-ACLF). The area under the curve (AUROC) was 0.792, the sensitivity and specificity were 0.577 and 0.898, respectively. B. ROC curves analysis for NLR,
MLR, PWR, PLR, PNI, MELD, MELD-Na, iMELD, and the new model (MLR-IMELD) for predicting mortality in patients with HBV-ACLF

NLR - neutrophil-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio; PWR - platelet-to-leukocyte ratio; PLR - platelet-to-lymphocyte ratio;
PNI - prognostic nutritional index; MELD — a model for end-stage liver disease; MELD-Na — MELD-sodium; iMELD - integrated MELD;
MLR-IMELD - MLR-integrated iMELD.

Table 3. Multivariate binary logistic analysis to predict 90-day progression in hepatitis B virus acute-on-chronic liver failure (HBV-ACLF) patients

Variables OR (95%Cl)
Age [years] —-0.001 0.017 0.002 0.999 (0.966-1.033) 0.960
Leukocyte [x10%L] -0.078 0.100 0.602 0.925 (0.760-1.126) 0.438
Platelet [x10%/L] -0.003 0.004 0619 0.997 (0.989-1.005) 0431
Neutrophil [x10%L] 0.051 0.090 0319 1.052 (0.883-1.254) 0572
Albumin [g/L] -0.025 0.028 0.845 0.975 (0.923-1.029) 0.358
ALT [umol/L] 0.000 0.000 0.073 1.000 (0.999-1.001) 0.786
AST [umol/L] 0.000 0.001 0.011 1.000 (0.999-1.001) 0917
MLR 0.855 0.509 3.121 2460 (0.906-6.677) 0.077%
iMELD 0.125 0.029 17.864 1.103 (1.060-1.146) <0.001*

In multivariate binary logistic regression analysis, MLR and iMELD were independent predictors of 90-day outcomes in HBV-ACLF patients;
MLR - monocyte-to-lymphocyte ratio; iMELD — integrated MELD; 95% CI — 95% confidence interval; OR — odds ratio; SE - standard error.

Table 4. Area under curve and cut-off values of the prognostic variables

95% Cl Sensitivity Specificity Youden'’s index Cutoff value

NLR 0.684 0.611-0.758 0.606 0.767 0373 5.12 <0.001
MLR 0711 0.641-0.780 0.549 0.767 0316 0.63 <0.001
PWR 0.656 0.579-0.733 0577 0.670 0.247 15.17 <0.001
PLR 0.488 0.407-0.568 0.817 0216 0.033 59.17 0.761

PNI 0510 0.424-0.596 0493 0.642 0.135 37.92 0.801

MELD 0.758 0.692-0.825 0.803 0.597 0.400 20.21 <0.001
MELD-Na 0.761 0.695-0.827 0.831 0.619 0450 21.66 <0.001
iIMELD 0.781 0.715-0.847 0.831 0619 0450 40.50 <0.001
MLR-IMELD 0.792 0.727-0.857 0577 0.898 0475 -0.33 <0.001

NLR - neutrophil-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio; PWR — platelet-to-leukocyte ratio; PNI - prognostic nutritional
index; MELD — a model for end-stage liver disease; MELD-Na — MELD-sodium; iMELD - integrated MELD; MLR-IMELD — MLR-integrated iMELD;
95% Cl — 95% confidence interval; AUC - area under the curve.
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Fig. 3. Kaplan-Meier curve of the MLR-IMELD score >-0.33, MLR-IMELD
score <—0.33,and Log-rank test p < 0.001.

MLR — monocyte-to-lymphocyte ratio; MELD — a model for end-stage
liver disease; MLR-IMELD — MLR-integrated iMELD.

clinical value than the MELD series score and the sin-
gle inflammation index. Based on the AUROC results,
the best cutoff value (Youden’s index) for identifying MLR-
iMELD was —0.33 (sensitivity: 0.577; specificity: 0.898).
Patients were divided into 2 groups (MLR-IMELD = -0.33
and MLR-iMELD < -0.33) according to the prese-
lected cutoff points. In order to verify the effectiveness
of the model, we further compared the 90-day survival
rates of the 2 groups of patients. The Kaplan—Meier curves
found that patients with MLR-iMELD scores higher than
the cutoff value of —0.33 had a greater risk of poor prog-
nosis (Fig. 3).

Discussion

It is well known that ACLF is a clinical syndrome
with acute onset, rapid progression and poor progno-
sis. The prognosis and treatment of ACLF according
to various causes of chronic liver disease are different.
Due to the high rate of HBV infection in the Asia—Pa-
cific region, there is also a high incidence of HBV-ACLF
in this region.!” With the proposed systemic inflamma-
tion hypothesis, systemic inflammation is considered
to be related to the disease progression and prognosis
of ACLEF. Systemic inflammation caused by pathogen-
associated molecular patterns (PAMPs) and damage-
associated molecular patterns (DAMPs) induced by cer-
tain events (such as infection, viral reactivation, alcohol
consumption, etc.) is an important factor, and it can act
indirectly through changes in circulatory function and
metabolism, as well as directly induce tissue damage.?°
In patients with chronic HBV infection, acute exacer-
bation or recurrence of HBV is the main factor caus-
ing acute liver deterioration.?! The reactivation of HBV
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or superposition with other liver diseases will aggravate
hepatocyte necrosis, which leads to the release of circu-
lating DAMPs and promotes an inflammatory response.
At the same time, during the process of chronic liver
disease progression, the body gradually shows cirrho-
sis-associated immune dysfunction (CAID), which will
create opportunities for HBV reactivation and bacterial
infection, so some HBV-ACLF patients may simultane-
ously have multiple causes that synergistically promote
the development of ACLF.?2222Among the 420 patients
with ACLF in the PREDICT study, 65% had obvious sys-
temic inflammatory triggers, such as bacterial infection
and gastrointestinal bleeding, while 35% had no obvious
triggers. However, the patients without obvious triggers
still had features of systemic inflammation.2* Meanwhile,
the PREDICT study showed that inflammation occurs
in the progression of acute decompensated cirrhosis
to ACLF.2>2¢ Evidence from a prospective study also in-
dicates that inflammation severity is the most important
predictor of ACLF and gastrointestinal bleeding in acute
decompensated patients.?” Wu et al. found that NLR and
MLR were associated with the risk of death in patients
with acute exacerbations of chronic HBV, where NLR was
an independent predictor of progression to ACLF.28 How-
ever, the impact of inflammation on HBV-ACLF disease
development remains to be further explored.

First of all, for this study, statistical differences were
found in age, platelets, lymphocytes, neutrophils, mono-
cytes, albumin, prealbumin, ALT, AST, TBil, serum creati-
nine, PT, INR, PWR, NLR, MLR, and MELD serial scores
between the 2 groups (Table 1). Among them, the patients
in the death group were older and had lower protein levels,
more severe coagulopathy and higher inflammation levels.
Platelet levels were higher in the survival group; mean-
while, our previous study found that platelets can effec-
tively predict the survival of HBV-ACLF patients 180 days
after plasma exchange.? The reason may be that platelets
are related to liver regeneration, infection, systemic in-
flammatory response, and immune diseases.?*3! In addi-
tion, serum ALT levels were higher in the survival group,
and we speculated that ALT is a protein with enzyme ac-
tivity synthesized by liver cells. The higher the ALT level,
the more sensitive the liver synthesis function will be,
which has a certain predictive effect on the liver function
of HBV-ACLF patients.

In analyzing the correlation between inflammatory
markers and MELD scores, we found that NLR, MLR, SII,
PNI, leukocyte count, neutrophil count, and monocyte
count were positively correlated with MELD scores, while
PWR and lymphocyte count were negatively correlated
with MELD scores. This also proves that as the MELD
score increases, inflammatory indicator levels also in-
crease, but indicators related to immune function and
nutritional synthesis function will continue to decrease.

Next, considering the progress made in the field of pre-
dicting ACLF prognosis with inflammatory markers, 3032
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we compared the widely used markers at present. Our
findings indicated that NLR, MLR, MELD score, MELD-
Na score, and iMELD score were significantly higher
in the death group. This validated the results of previ-
ous studies.?>~28 In our study, MLR had better statisti-
cal significance than NLR, both in relation to MELD
score and in the analysis of 90-day mortality factors.
Therefore, we further carried out a multivariate analy-
sis of MLR and established a new MLR-iMELD model.
The MLR is the ratio of monocytes to lymphocytes.
Liver resident macrophages account for more than 80%
of the total number of macrophages in the body, and
they make a difference in liver fibrosis and inflamma-
tory immune response.>? Macrophages can be activated
by various stimuli, such as bacteria, viruses or necrotic
tissue. The inflammatory response of the body can
trigger the release of monocytes from the bone marrow
to the peripheral blood so that monocytes in the blood
can differentiate into tissue macrophages to play an im-
mune role.3273% Just recently, Niehaus et al. described
a subpopulation of lymphocytes, mucosal-associated
invariant T (MAIT) cells, that were markedly reduced
in cirrhotic patients, and the number of MAIT cells de-
creased with declining liver function.? For patients with
ACLE, liver cell necrosis can cause the release of a large
number of inflammatory factors, thereby activating
the immune inflammatory response in the body and
inducing a large number of granulocytes to migrate
from the bone marrow to the peripheral blood, giving
rise to a significant decrease in the number of periph-
eral blood lymphocytes.?® Therefore, changes in mono-
cytes and lymphocytes have certain value in evaluating
the prognosis of HBV-ACLF patients. The MLR-iMELD
model outperformed the MELD series scores in predict-
ing patients’ 90-day survival. Furthermore, patients with
high MLR-iMELD scores (= —0.33) had a poorer 90-day
prognosis.

Limitations

First, this was a single-center observational retrospec-
tive study with a relatively small sample size. Second,
we included only the baseline data of patients for analy-
sis, so the dynamics of patients were not observed. Third,
the assessment of inflammation in our study was based
on routine blood tests, so whether other inflammatory
biomarkers can better predict prognosis needs to be fur-
ther explored.

Conclusions

Higher inflammation levels predicted a higher 90-day
mortality risk in HBV-ACLF patients. The MLR-iMELD
model can better predict the 90-day survival of HBV-ACLF
patients than other composite inflammatory indicators.

137

The clinical value of evaluating inflammation-related in-
dicators may provide a valuable supplement for the assess-
ment of disease status in HBV-ACLF patients.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.13627516. The package includes
the following files:

Supplementary Table 1. The original data of this study.

Supplementary Table 2. Normality test of baseline data
in survival and death groups. Through normality test,
it was found that the statistical value of normality test
in the baseline data of the 2 groups of patients was < 0.05,
so they did not conform to the normal distribution.

Supplementary Fig. 1. Test the extreme outliers in the lo-
gistic regression hypothesis. We found that there were
8 observations where the studized residuals were greater
than 2 times the SD, but we kept them in the analysis.

Supplementary Fig. 2. Multicollinearity among explana-
tory variables. Through collinearity diagnosis, we found
that all independent variables VIF were less than 5, and
the degree of collinearity between independent variables
was small.

Supplementary Fig. 3. Box-Tidwell test on variables. A to-
tal of 19 items were included in the model analysis in this
study, including 9 independent variables: age, MLR, WBC,
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action terms: age*lnage, INMLR*MLR, InWBC*WBC, In
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cept term (Constant). Therefore, in this study; it is recom-
mended that the significance level should be « = 0.00263
(0.05/19). Based on this significance level, the p-value of all
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Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.

Consent for publication

Not applicable.

ORCID iDs

Huagian Xu @ https://orcid.org/0009-0007-0404-1407
Xue Li © https://orcid.org/0000-0002-0952-2687

Yue Zhuo @ https://orcid.org/0009-0004-6863-3741
Chunyan Li @ https://orcid.org/0009-0000-1701-6517
Chengzhi Bai @ https://orcid.org/0000-0001-5785-3002
Jie Chen @ https://orcid.org/0009-0001-5445-2972
Shanhong Tang © https://orcid.org/0000-0001-6652-2942


https://doi.org/10.5281/zenodo.13627516
https://doi.org/10.5281/zenodo.13627516

1138

References

1.

ArroyoV, Moreau R, Jalan R. Acute-on-chronic liver failure. N EnglJ Med.
2020;382(22):2137-2145. doi:10.1056/NEJMra1914900

Sarin SK, Choudhury A, Sharma MK, et al; APASL ACLF Research Con-
sortium (AARC) for APASL ACLF working Party. Acute-on-chronic
liver failure. Consensus recommendations of the Asian Pacific asso-
ciation for the study of the liver (APASL): An update. Hepatol Int.
2019;13(4):353-390. doi:10.1007/512072-019-09946-3

Wong MCS, Huang JLW, George J, et al. The changing epidemiology of
liver diseases in the Asia—Pacific region. Nat Rev Gastroenterol Hepatol.
2019;16(1):57-73. d0i:10.1038/541575-018-0055-0

Wang X, Sun M, Yang X, et al. Value of liver regeneration in pre-
dicting short-term prognosis for patients with hepatitis B-related
acute-on-chronic liver failure. Biomed Res Int. 2020;2020:5062873.
doi:10.1155/2020/5062873

Zaccherini G, Weiss E, Moreau R. Acute-on-chronic liver failure: Defi-
nitions, pathophysiology and principles of treatment. JHEP Rep. 2021;
3(1):100176. doi:10.1016/j.jhepr.2020.100176

ZhangJ, QiuY, He X, Mao W, Han Z. Platelet-to-white blood cell ratio:
A novel and promising prognostic marker for HBV-associated decom-
pensated cirrhosis. Clin Lab Anal. 2020;34(12):e23556. doi:10.1002/
jcla.23556

Sun J, Guo H, Yu X, et al. A neutrophil-to-lymphocyte ratio-based
prognostic model to predict mortality in patients with HBV-relat-
ed acute-on-chronic liver failure. BMC Gastroenterol. 2021;21(1):422.
doi:10.1186/512876-021-02007-w

Ding L, Deng X, Wang K, et al. Preoperative systemic inflammatory
markers as a significant prognostic factor after TURBT in patients with
non-muscle-invasive bladder cancer.JInflamm Res. 2023;16:283-296.
doi:10.2147/JIR.S393511

CaiJ,WangK, Han T, Jiang H. Evaluation of prognostic values of inflam-
mation-based makers in patients with HBV-related acute-on-chron-
ic liver failure. Medicine (Baltimore). 2018;97(46):e13324. d0i:10.1097/
MD.0000000000013324

. Bernsmeier C, Cavazza A, Fatourou EM, et al. Leucocyte ratios are bio-

markers of mortality in patients with acute decompensation of cir-
rhosis and acute-on-chronic liver failure. Aliment Pharmacol Ther.
2020;52(5):855-865. d0i:10.1111/apt.15932

. Zhou YX, Li WC, Xia SH, et al. Predictive value of the Systemic Immune

Inflammation Index for adverse iutcomes in patients with acute ischemic
stroke. Front Neurol. 2022;13:836595. doi:10.3389/fneur.2022.836595

. ZhuS,Cheng Z,HuY, etal. Prognostic value of the Systemic Immune-

Inflammation Index and Prognostic Nutritional Index in patients
with medulloblastoma undergoing surgical resection. Front Nutr.
2021;8:754958. doi:10.3389/fnut.2021.754958

. Wang D, Hu X, Xiao L, et al. Prognostic Nutritional Index and Systemic

Immune-Inflammation Index predict the prognosis of patients with HCC.
J Gastrointest Surg. 2021;25(2):421-427. doi:10.1007/511605-019-04492-7

. PengY, QiX, Tang S, etal. Child-Pugh, MELD, and ALBI scores for pre-

dicting the in-hospital mortality in cirrhotic patients with acute-on-
chronicliver failure. Exp Rev Gastroenterol Hepatol. 2016;10(8):971-980.
doi:10.1080/17474124.2016.1177788

. Krishnan A, Woreta TA, Vaidya D, et al. MELD or MELD-Na as a pre-

dictive model for mortality following transjugular intrahepatic por-
tosystemic shunt placement. J Clin Transl Hepatol. 2022;11(1):38-44.
doi:10.14218/JCTH.2021.00513

. Perdigoto DN, Figueiredo P, Tomé L. The role of the CLIF-C OF and

the 2016 MELD in prognosis of cirrhosis with and without acute-
on-chronic liver failure. Ann Hepatol. 2019;18(1):48-57. d0i:10.5604/
01.3001.0012.7862

LiJ, Liang X, You S, et al. Development and validation of a new prog-
nostic score for hepatitis B virus-related acute-on-chronic liver failure.
J Hepatol. 2021;75(5):1104-1115. d0i:10.1016/j.jhep.2021.05.026

. HernaezR, Sola E, Moreau R, Ginés P. Acute-on-chronic liver failure:

An update. Gut. 2017;66(3):541-553. d0i:10.1136/gutjnl-2016-312670

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

H. Xu et al. Inflammation-related model in HBV-ACLF

. Tang X, LiH, Deng G, et al. New algorithm rules out acute-on-chron-

ic liver failure development within 28 days from acute decompensa-
tion of cirrhosis. J Clin Transl Hepatol. 2022;11(3):550-559. d0i:10.14218/
JCTH.2022.00196

Engelmann C, Claria J, Szabo G, Bosch J, Bernardi M. Pathophysiolo-
gy of decompensated cirrhosis: Portal hypertension, circulatory dys-
function, inflammation, metabolism and mitochondrial dysfunction.
J Hepatol. 2021;75(Suppl 1):549-566. d0i:10.1016/j.jhep.2021.01.002
Lei JH, Peng F, Chen Z, Xiao XQ.Is HBV viral load at admission associ-
ated with development of acute-on-chronic liver failure in patients
with acute decompensation of chronic hepatitis B related cirrhosis?
BMC Infect Dis. 2019;19(1):363. doi:10.1186/512879-019-3988-1

Piano S, Mahmud N, Caraceni P, Tonon M, Mookerjee RP. Mechanisms
and treatment approaches for ACLF [Published online as ahead
of print on September 16, 2023]. Liver Int. 2023. doi:10.1111/liv.15733
Granito A, Muratori P, Muratori L. Acute-on-chronic liver failure:
A complex clinical entity in patients with autoimmune hepatitis.
J Hepatol. 2021;75(6):1503-1505. doi:10.1016/j.jhep.2021.06.035
Trebicka J, Fernandez J, Papp M, et al. PREDICT identifies precipitat-
ing events associated with the clinical course of acutely decompen-
sated cirrhosis. J Hepatol. 2021;74(5):1097-1108. doi:10.1016/j.jhep.
2020.11.019

Trebicka J, Fernandez J, Papp M, et al. The PREDICT study uncovers
three clinical courses of acutely decompensated cirrhosis that have
distinct pathophysiology. JHepatol. 2020,73(4):842-854. doi:10.1016/
j.jhep.2020.06.013

ArroyoV, Angeli P, Moreau R, et al. The systemic inflammation hypoth-
esis: Towards a new paradigm of acute decompensation and multi-
organ failure in cirrhosis. J Hepatol. 2021;74(3):670-685. doi:10.1016
/j.jhep.2020.11.048

Zanetto A, Pelizzaro F, Campello E, et al. Severity of systemic inflam-
mation is the main predictor of ACLF and bleeding in individuals
with acutely decompensated cirrhosis. J Hepatol. 2023;78(2):301-311.
doi:10.1016/j.jhep.2022.09.005

Wu W, Yan H, Zhao H, et al. Characteristics of systemic inflammation in
hepatitis B-precipitated ACLF: Differentiate it from No-ACLF. Liver Int.
2018;38(2):248-257. d0i:10.1111/liv.13504

Li X, LiH, Zhu Y, Xu H, Tang S. PLT counts as a predictive marker after
plasma exchange in patients with hepatitis B virus-related acute-on-
chronic liver failure. J Clin Med. 2023;12(3):851. doi:10.3390/jcm12030851
GrecoE, Lupia E, Bosco O, Vizio B, Montrucchio G. Platelets and multi-
organ failure in sepsis. Int J Mol Sci. 2017;18(10):2200. doi:10.3390/
ijms18102200

Li X, ZhangL, PuC, TangS. Liver transplantation in acute-on-chronic
liver failure: Timing of transplantation and selection of patient pop-
ulation. Front Med (Lausanne). 2022;9:1030336. doi:10.3389/fmed.
2022.1030336

Grgnbaek H, Redgaard-Hansen S, Aagaard NK, et al. Macrophage
activation markers predict mortality in patients with liver cirrho-
sis without or with acute-on-chronic liver failure (ACLF). J Hepatol.
2016;64(4):813-822. d0i:10.1016/j.jhep.2015.11.021

Kratofil RM, Kubes P, Deniset JF. Monocyte conversion during inflam-
mation and injury. Arterioscler Thromb Vasc Biol. 2017;37(1):35-42.
doi:10.1161/ATVBAHA.116.308198

Triantafyllou E, Woollard KJ, McPhail MJW, Antoniades CG, Possamai
LA. The role of monocytes and macrophages in acute and acute-
on-chronic liver failure. Front Immunol. 2018;9:2948. doi:10.3389/
fimmu.2018.02948

Niehaus CE, Strunz B, Cornillet M, et al. MAIT cells are enriched and
highly functional in ascites of patients with decompensated liver cir-
rhosis. Hepatology. 2020;72(4):1378-1393. doi:10.1002/hep.31153
Schwabe RF, Luedde T. Apoptosis and necroptosis in the liver: A matter
of life and death. Nat Rev Gastroenterol Hepatol. 2018;15(12):738-752.
doi:10.1038/541575-018-0065-y


https://www.doi.org/10.1056/NEJMra1914900
https://www.doi.org/10.1007/s12072-019-09946-3
https://www.doi.org/10.1038/s41575-018-0055-0
https://www.doi.org/10.1155/2020/5062873
https://www.doi.org/10.1016/j.jhepr.2020.100176
https://www.doi.org/10.1002/jcla.23556
https://www.doi.org/10.1002/jcla.23556
https://www.doi.org/10.1186/s12876-021-02007-w
https://www.doi.org/10.2147/JIR.S393511
https://www.doi.org/10.1097/MD.0000000000013324
https://www.doi.org/10.1097/MD.0000000000013324
https://www.doi.org/10.1111/apt.15932
https://www.doi.org/10.3389/fneur.2022.836595
https://www.doi.org/10.3389/fnut.2021.754958
https://www.doi.org/10.1007/s11605-019-04492-7
https://www.doi.org/10.1080/17474124.2016.1177788
https://www.doi.org/10.14218/JCTH.2021.00513
https://www.doi.org/10.5604/01.3001.0012.7862
https://www.doi.org/10.5604/01.3001.0012.7862
https://www.doi.org/10.1016/j.jhep.2021.05.026
https://www.doi.org/10.1136/gutjnl-2016-312670
https://www.doi.org/10.14218/JCTH.2022.00196
https://www.doi.org/10.14218/JCTH.2022.00196
https://www.doi.org/10.1016/j.jhep.2021.01.002
https://www.doi.org/10.1186/s12879-019-3988-1
https://www.doi.org/10.1111/liv.15733
https://www.doi.org/10.1016/j.jhep.2021.06.035
https://www.doi.org/10.1016/j.jhep.2020.11.019
https://www.doi.org/10.1016/j.jhep.2020.11.019
https://www.doi.org/10.1016/j.jhep.2020.06.013
https://www.doi.org/10.1016/j.jhep.2020.06.013
https://www.doi.org/10.1016/j.jhep.2020.11.048
https://www.doi.org/10.1016/j.jhep.2020.11.048
https://www.doi.org/10.1016/j.jhep.2022.09.005
https://www.doi.org/10.1111/liv.13504
https://www.doi.org/10.3390/jcm12030851
https://www.doi.org/10.3390/ijms18102200
https://www.doi.org/10.3390/ijms18102200
https://www.doi.org/10.3389/fmed.2022.1030336
https://www.doi.org/10.3389/fmed.2022.1030336
https://www.doi.org/10.1016/j.jhep.2015.11.021
https://www.doi.org/10.1161/ATVBAHA.116.308198
https://www.doi.org/10.3389/fimmu.2018.02948
https://www.doi.org/10.3389/fimmu.2018.02948
https://www.doi.org/10.1002/hep.31153
https://www.doi.org/10.1038/s41575-018-0065-y

	Prognostic value of inflammation-related model in hepatitis B acute-on-chronic liver failure

