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Background: Acute-on-chronic liver failure is a common clinical syndrome with high short-term mortality, and early assessment of
its mortality risk is crucial, but the search for valid and accurate prognostic biomarkers is a challenging endeavor. The purpose of this
study was to investigate the predictive value of the prothrombin time-international normalized ratio to albumin ratio (PTAR) for
mortality in patients with hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF).

Patients and methods: A total of 354 patients with HBV-ACLF were included in the retrospective study. Patients were divided into
survival and non-survival groups based on 90-day follow-up. Cox regression analysis was used to explore the relationship between
PTAR and 90-day mortality in patients with HBV-ACLF. The area under the receiver operating characteristic curve was used to
evaluate the effectiveness of PTAR in predicting mortality.

Results: PTAR was significantly higher in non-survivors than in survivors. The results of multivariate analysis showed that PTAR was
a valid independent predictor of mortality in patients with HBV-ACLF. Its predictive ability for mortality was similar to that of the
Child-Turcotte-Pugh score, the end-stage liver disease model (MELD) score, and the MELD-sodium score.

Conclusion: PTAR may be a simple and effective tool for predicting the prognosis of patients with HBV-ACLF.

Keywords: acute-on-chronic liver failure, hepatitis B virus, prothrombin time-international normalized ratio to albumin ratio,
prognosis

Introduction

Acute-on-chronic liver failure (ACLF) is a unique syndrome occurring on the basis of chronic liver disease, characterized
by the development of hepatic or extrahepatic organ failure, with a poor prognosis and high risk of death, and is one of
the very serious types of end-stage liver disease commonly seen in clinical practice.! Hepatitis B virus (HBV) infection is
a major global public health problem, and China has a high prevalence of HBV infection. The most important cause of
ACLF in China is the reactivation of HBV, and HBV-related acute-on-chronic liver failure (HBV-ACLF) is the most
common type of liver failure in China.>> The main principles of current treatment of ACLF are diagnosis and treatment
of the precipitating event and provision of supportive therapy. Liver transplantation is currently the only known and
effective treatment option. However, there is a shortage of organs and high costs, thus resulting in a very limited number
of patients who can be treated with liver transplantation.*> Other emerging therapies including granulocyte colony-
stimulating factor, and cytarabine are promising alternatives to liver transplantation, but their safety and efficacy need to
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be further validated.’ Therefore, early assessment of the risk of death in patients with ACLF and selection of appropriate
treatment modalities to prevent its development are crucial.

The prothrombin time-international normalized ratio to albumin ratio (PTAR), a new objective score, was first created
by Haruki et al.® They conducted a retrospective study of 199 patients with hepatocellular carcinoma after resection and
demonstrated that the PTAR was a good predictor of prognosis in these patients and could also be used to assess liver
function reserve after hepatectomy in patients with hepatocellular carcinoma.® Like patients after hepatocellular carcinoma
resection, HBV-ACLF patients also have hepatic dysfunction and diminished hepatic reserve function. Therefore, our study
aimed to investigate the value of PTAR score as a method to predict 90-day mortality in patients with HBV-ACLF.

Methods

Patient Selection

354 patients with HBV-ACLF hospitalized in the Infection Department of the Affiliated Hospital of Southwest Medical
University from June 2017 to February 2022 were retrospectively recruited. Inclusion criteria for HBV-ACLF were based
on the consensus recommendations of the Asia Pacific Association for the Study of the Liver (APASL) and the Chinese
Group on the Study of Severe Hepatitis B:*’ (1) hepatitis B virus surface antigen positivity >6 months; (2) jaundice with
serum bilirubin > 5 mg/dl or > 85umol/l and coagulopathy with international normalized ratio (INR) >1.5 or prothrombin
activity < 40%; (3) complicated ascites and/or hepatic encephalopathy within 4 weeks. The exclusion criteria were as
follows: (1) hepatocellular carcinoma or other tumors, liver transplantation; (2) co-infection with hepatitis A/C/D/E virus,
human immunodeficiency virus (HIV) or other hepatitis viruses; (3) combination with alcoholic liver disease, auto-
immune liver disease, drug-related liver damage; (4) patients with incomplete clinical data or lost to follow-up. The
included patients all received comprehensive internal medicine treatment during their hospitalization. Patients were
followed up for 90 days and divided into survival and death groups according to their clinical outcome.

Clinical Data and Laboratory Indicators

Record the patient’s sex, age, comorbidities, and initial laboratory indicators after admission: alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl! transpeptidase (GGT), albumin,
total bilirubin (TBIL), direct bilirubin (DBIL), creatinine, white blood cell count (WBC), neutrophil count (NEU),
hemoglobin, red blood cell distribution width (RDW), platelet, serum potassium (K), serum sodium (Na), prothrombin
time (PT), INR. The formula for calculating PTAR was INR divided by Alb (g/dL), and the model for end-stage liver
disease model (MELD) score was calculated according to the formula: MELD = 3.8 x In(TBIL mg/dl) + 11.2 x In(INR)
+ 9.6 x In(creatinine mg/dl) + 6.4, MELD-sodium (MELD-Na) score = MELD + 1.59 x [135-Na (mmol/1)],” and Child-

Turcotte-Pugh (CTP) score was calculated according to the relevant criteria.'”

Statistical Analysis

SPSS version 27 and MedCalc version 20.0.22 software were used for statistical analysis. Normally distributed
continuous variables were expressed as mean =+ standard deviation, and non-normally distributed continuous variables
were expressed as median and interquartile range, and the #-test or Mann—Whitney U-test was used for comparison
between groups of continuous variables. Categorical variables were expressed as frequencies and percentages, and the
chi-squared test was used for comparison between groups. Spearman correlation analysis was used to evaluate the
correlation between PTAR and CTP score, MELD score and MELD-Na score. The Kaplan-Meier method was used to
construct 90-day survival probability curves and compared with the Log rank test. Univariate and multivariate analyses
of prognostic factors were performed using cox regression models. The predictive accuracy of each model was analyzed
using the area under the receiver operating characteristic (ROC) curve (AUC). Comparisons between AUCs were
performed using the De-Long test. Differences were considered statistically significant when P < 0.05 for the two-
tailed test.
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Results

Patient Characteristics

Based on our inclusion and exclusion criteria, 354 patients with HBV-ACLF were finally included in the study (Figure 1). The
mean age of the patients was 48.26 years and the majority were male (82.5%). Complications were ascites in 215 patients
(60.7%), hepatic encephalopathy in 48 patients (13.8%), gastrointestinal bleeding in 7 patients (2%), and hepatorenal syndrome
in 6 patients (1.7%). The patients were divided into 272 cases in the survival group and 82 cases in the death group. By
comparison, it was found that ALT, GGT, albumin, hemoglobin, platelet, and Na were higher in the survival group than in the
death group, and age, TBIL, DBIL, creatinine, PT, INR, WBC, NEU, RDW, PTAR, CTP score, MELD score, and MELD-Na
score were lower in the survival group than in the death group, and the differences were statistically significant (all P < 0.05)
(Table 1).

Univariate and Multivariate Cox Regression Analysis of 90-Day Prognosis in Patients
with HBV-ACLF

Univariate cox regression analysis was performed for the parameters with statistical significance in Table 1. Multivariable
cox regression analysis was performed for indicators with significant variation (P < 0.05) in univariate analysis, which
included age, TBIL, DBIL, creatinine, PT, INR, WBC, NEU, RDW, ALT, GGT, albumin, hemoglobin, platelet, Na, and
PTAR. The results of multivariate cox regression analysis showed that PTAR (OR: 4.388, 95% CI: 2.833-6.796), Na
(OR: 0.947, 95% CI: 0.905-0.992), TBIL (OR: 1.004, 95% CI: 1.002-1.005), age (OR: 1.027, 95% CI: 1.008-1.045)
were considered as independent prognostic factors for 90-day mortality in patients with HBV-ACLF (Table 2).

Correlation of PTAR with Other Scores and Survival Curve Analysis

PTAR was positively correlated (P < 0.001) with CTP score (r = 0.69), MELD score (r = 0.733), and MELD-Na score (r
= 0.584), suggesting that PTAR may be closely related to the prognosis of HBV-ACLF patients. We plotted Kaplan-
Meier survival curves based on the cut-off value of patients’ PTAR. The results showed that patients with PTAR >0.67
had a worse prognosis (log rank P < 0.001) (Figure 2).

528 ACLF patients

174 patients excluded:

Liver cancer or other tumors (n=43)
Co-infection with hepatitis A/C/D/E
virus, HIV or other hepatitis viruses
(n=49)

Alcohol-related liver disease (n=51)
Autoimmune liver disease (n=8)
Drug-related liver disease (n=12)
Lost to follow up (n=11)

354 HBV-ACLF patients enrolled

Figure | Flow chart of study participants.
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Table 1 Comparisons of Baseline Characteristics Between Survivors and Non-Survivors

Variables Total Patients (n=354) Survivors (n=272) Non-Survivors (n=82) P value
Gender (male/female) 292/62 221/51 7111 0.265
Age (years) 48.26+12.47 46.99+12.54 52.46x11.32 <0.001
ALT (U/L) 687.85(247.05-1370.88) 841.9(252.35-1453.93) 443.95(186.45-1206.18) 0.008
AST (U/L) 455.10(213.35-1057.70) 510.25(217.53-1089.83) 342.04(195.25-996.05) 0.120
ALP (U/L) 151.80(120.08—-188.38) 150.65(120-186.73) 151.85(122.23-193.63) 0.788
GGT (U/L) 116.05(77.05-177.85) 118.7(86.53—187.85) 97.1(65.28-148.23) 0.002
Albumin (g/dL) 3.20+0.49 3.27+0.48 2.96+0.46 <0.001
TBIL (umol/L) 282.45(179.60-386.13) 251.5(160.88-358.18) 363.12(290.35-482.85) <0.001
DBIL (umol/L) 186.80(127.18-270.98) 176.65(115.53-250.96) 240.75(174.15-302.23) <0.001
Creatinine (umol/L) 65.70(55.95-75.80) 65.25(55.63-73.75) 68.85(57.85-80.53) 0.037
WBC (10°/L) 6.57(5.10-8.41) 6.41(4.96-8.17) 7.06(5.81-9.06) 0.044
NEU (10°/L) 4.61(3.40-6.15) 4.39(3.19-6.04) 5.18(4.13-6.63) 0.003
Hemoglobin (g/L) 133(118-147) 135(120-148) 129(115-142) 0.007
RDW (%) 144.4(13.5-16.0) 14.3(13.5-15.8) 14.9(13.8-17.03) 0.007
Platelet (10°/L) 112(81-156) 118(84-159) 96(69—126) 0.001
K(mmol/L) 3.93+0.53 3.91£0.52 4+0.56 0.188
Na(mmol/L) 138(135.5-139.9) 138.5(136.13-140.3) 136.45(133.18-138.58) <0.001
PT(s) 21.3(19.2-25.1) 20.7(18.6-23.6) 25.15(22.4-31.8) <0.001
INR 1.85(1.61-2.26) 1.77(1.54-2.09) 2.29(1.93-3.02) <0.001
PTAR 0.59(0.48-0.77) 0.56(0.45-0.69) 0.79(0.63—1.05) <0.001
CTP 10(9-11) 10(8-11) 12(11-13) <0.001
MELD 20.97(17.79-24.67) 19.679(17.08-22.49) 24.88(21.96-28.26) <0.001
MELD-Na 16.06(11.5-22.32) 14.98(10.41-19.15) 23.33(17.22-31.1) <0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase;
TBIL, total bilirubin; DBIL, direct bilirubin; WBC, white blood cell count; NEU, neutrophil count; RDW, red blood cell distribution width; K, serum
potassium; Na, serum sodium; PT, prothrombin time; INR, international normalized ratio; PTAR, prothrombin time-international normalized ratio
to albumin ratio; CTP, Child-Turcotte-Pugh score; MELD, end-stage liver disease model score; MELD-Na, MELD-sodium score.

Table 2 Cox Regression Analysis of Factors Associated with 90-Day Mortality in Patients
with HBV-ACLF

Variables Univariate Analysis Multivariate Analysis
OR 95% ClI P OR 95% ClI P value

Age (years) 1.032 1.014-1.050 <0.001 1.027 1.008-1.045 0.005
ALT (U/L) 1.000 0.999-1.000 0.005

GGT (U/L) 0.996 0.993-0.999 0.012

Albumin (g/dL) 0.312 0.197-0.495 <0.001

TBIL (umol/L) 1.004 1.003—-1.006 <0.001 1.004 1.002—1.005 <0.001
DBIL (umol/L) 1.005 1.003-1.007 <0.001

Creatinine (umol/L) 1.013 1.005—-1.022 0.002

WBC (10°/L) 1.070 1.013-1.130 0.015

NEU (10°/L) 1.095 1.032-1.162 0.003

Hemoglobin (g/L) 0.988 0.980-0.997 0.008

RDW (%) 1.049 1.004-1.096 0.034

Platelet (107/L) 0.993 0.988-0.997 0.002

Na (mmol/L) 0.920 0.887-0.954 <0.001 0.947 0.905-0.992 0.020
PT (s) 1.081 1.061-1.102 <0.001

INR 1.871 1.597-2.191 <0.001

PTAR 5.851 3.870-8.844 <0.001 4.388 2.833-6.796 <0.001

Abbreviations: ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; TBIL, total bilirubin; DBIL, direct
bilirubin; WBC, white blood cell count; NEU, neutrophil count; RDWY, red blood cell distribution width; Na, serum
sodium; PT, prothrombin time; INR, international normalized ratio; PTAR, prothrombin time-international normalized
ratio to albumin ratio.
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Figure 2 Survival curves of groups with PTAR > 0.67 and PTAR < 0.67 by Kaplan-Meier survival analysis.
Abbreviation: PTAR, prothrombin time-international normalized ratio to albumin ratio.

Predictive Value of PTAR for 90-Day Prognosis in Patients with HBV-ACLF

The ROCs for PTAR, CTP score, MELD score and MELD-Na score are shown in Figure 3. The AUC values were 0.788
(95% CI: 0.734-0.842) for PTAR, 0.841 (95% CI: 0.794-0.887) for CTP score, 0.794 (95% CI: 0.743-0.845) for MELD
score, and 0.777 (95% CI: 0.721-0.833) for MELD-Na score. The AUC of PTAR in determining poor prognosis was not
statistically significant from the other three groups (P > 0.05). The sensitivity and specificity were 0.71 and 0.74,
respectively, and the positive and negative predictive values were 0.45 and 0.89, respectively, when using the best cut-off
value of PTAR of 0.67 to predict 90-day mortality. Details are shown in Table 3.

Sensitivity

—PTAR
—CTP

—MELD
0.2 ——MELD-Na
—— Reference line

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 3 Receiver operating characteristics curves of PTAR, CTP, MELD, and MELD-Na for predicting 90-day mortality in patients with hepatitis B virus-related acute-on-
chronic liver failure.

Abbreviations: PTAR, prothrombin time-international normalized ratio to albumin ratio; CTP, Child-Turcotte-Pugh score; MELD, end-stage liver disease model score;
MELD-Na, MELD-sodium score.
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Table 3 Predictive Value of PTAR, CTP, MELD, and MELD-Na for 90-Day Mortality in Patients with HBV-

ACLF
AUC 95% CI P value | Cut-off value | Sensitivity | Sensitivity NPV PPV
PTAR 0.788 | 0.734-0.842 | <0.001 0.67 0.71 0.74 0.89 0.45
CTP 0.841 0.794-0.887 | <0.001 10 0.78 0.72 0.92 0.45
MELD 0.794 | 0.743-0.845 | <0.001 20.9 0.87 0.61 0.94 0.40
MELD-Na | 0.777 | 0.721-0.833 | <0.001 17.8 0.73 0.70 0.90 0.42

Abbreviations: PTAR, prothrombin time-international normalized ratio to albumin ratio; CTP, Child-Turcotte-Pugh score; MELD, end-stage
liver disease model score; MELD-Na, MELD-sodium score; HBV-ACLF, hepatitis B virus-related acute-on-chronic liver failure; AUC, area
under the receiver operating characteristic curve; NPV, negative predictive value; PPV, positive predictive value.

Discussion

HBV-ACLF is a common clinical syndrome with an acute onset, rapid development of organ failure, and high short-term
mortality. The pathogenesis of ACLF is complex and not fully understood, and some studies have shown that the core of
the pathogenesis is an immune imbalance, which initially manifests as an excessive inflammatory response, and this
hyperinflammatory state impairs the host defense mechanisms of immune cells, leading to immune hypofunction or even
failure later in the course of the disease. And the severity of systemic inflammation is closely related to the severity of
ACLF and the duration of hospitalization.''"* To improve the outcome of patients with ACLF, predicting the risk of
death and carefully selecting therapeutic interventions is crucial, but predicting the risk of death in patients with ACLF is
currently challenging. In our study, PTAR was found to be a good predictor for assessing the prognosis of patients with
HBV-ACLF.

There have been several studies on the relationship between PTAR and patient prognosis.'*'” Wang et al through
a retrospective study of 4536 patients with sepsis found that PTAR scores could predict the prognosis of patients with
sepsis and may help to rapidly identify patients with liver injury and dysfunction.'* Sreeraj’s study also found that the
PTAR scoring system could be used to predict the prognosis of patients with cirrhosis combined with sepsis.'> Gao et al
showed that the PTAR scoring system could be used to predict the prognosis of critically ill patients with hepatic
sclerosis through a study of 865 patients.'"® PTAR has also been identified as a prognostic predictor of mortality in
patients with hepatitis B virus-associated decompensated cirrhosis.'”

Both INR and albumin reflect the synthetic function of the liver. Human serum albumin, a protein synthesized in the
liver, is the most abundant plasma protein, accounting for approximately 50% of the total protein content (3.5-5 g/L).
Albumin is mostly used to maintain colloid osmotic pressure and is also considered a negative acute phase protein that
may affect microvascular integrity and aspects of the inflammatory response.'® Albumin may block inflammatory
signaling pathways through intracellular internalization into endocytic vesicles and may reverse plasma-mediated
immune dysfunction by binding and inactivating prostaglandin E2. Albumin is emerging as a potent modulator of the
innate immune system and can be used in the management of ACLF."*?° Serum albumin is produced exclusively by the
liver and can reflect hepatic function, which is an important indicator to assess hepatic synthetic function and
hypoproteinemia.>' In our study, we found that serum albumin was significantly lower in the death group compared to
the survival group. Therefore, low serum albumin levels may partially reflect the inflammatory status and hepatic
synthetic function in HBV-ACLF patients. In addition, changes in coagulation-related parameters are hallmarks of
advanced liver disease, and PT and INR are inextricably linked to the prognosis and progression of liver disease. The
progression of protein synthesis dysfunction is also inevitably associated with the progression and prognosis of liver
disease, both in acute liver failure and in chronic liver disease. The inclusion of INR in the prognostic mortality equation
of various liver diseases such as MELD score, MELD-Na score and chronic liver failure sequential organ failure
assessment (CLIF-SOFA) score is evidence that INR is closely associated with hepatic synthetic dysfunction.”* And,
among the factors that constitute the MELD score, the INR has been reported to have the greatest impact on the score.?
In the present study, we found that although the results of univariate analysis showed that albumin and INR were risk
factors for mortality, neither was considered an independent predictor of mortality in patients with HBV-ACLF in the
results of multifactorial analysis. This discrepancy may arise because PTAR, which is a ratio of albumin and INR, would
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be more stable than either indicator, whereas individual indicators may change depending on multiple factors such as
blood sample handling or degree of hydration.

The univariate results of this study showed a significant increase in PTAR in those who died compared to those who
survived. And PTAR was positively correlated with CTP score, MELD score and MELD-Na score. In addition, it was
further demonstrated by multivariate analysis that PTAR was an independent predictor of 90-day mortality in HBV-
ACLF patients, and the higher the PTAR score, the worse the prognosis of patients. Although several models such as
CTP score and MELD score exist for risk prediction of prognosis of HBV-ACLF patients, the complexity of calculation
makes their application in daily clinical practice somewhat limited. In addition, clinical assessments such as hepatic
encephalopathy are somewhat subjective, which may affect the accuracy of the models. Compared with these models, the
PTAR score requires only simple and rapid calculation of two easily available laboratory parameters, which has the
advantage of simplicity, objectivity and convenience, and its predictive accuracy remains high.

This study has some limitations. First, it is a single-center study with a limited number of included patient cases and cannot
represent all regions of HBV-ACLF patients. Second, this is a retrospective study without dynamic observation of changes in
relevant indicators, so further large-scale prospective clinical trials may be needed to validate the current results.

Conclusion

In conclusion, this study suggests that PTAR is a simple and effective adjunctive marker for predicting 90-day prognosis
in patients with HBV-ACLF. The mortality predictive ability of PTAR is similar to that of the CTP score, the MELD
score, and the MELD-Na score, and it has the advantages of being easy to obtain, simple, and objective. However, further
studies are needed to evaluate and validate its applicability.
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