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Abstract
BACKGROUND
Noninvasive, practical, and convenient means of detection for the prediction of liver fibrosis and cirrhosis in China are greatly needed. 

AIM
To develop a precise noninvasive test to stage liver fibrosis and cirrhosis. 

METHODS
[bookmark: OLE_LINK3417][bookmark: OLE_LINK3418]With liver biopsy as the gold standard, we established a new index, [alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)/platelet (109/L) (AGPR)], to predict liver fibrosis and cirrhosis. In addition, we compared the area under the receiver operating characteristic curve (AUROC) of AGPR, gamma-glutamyl transpeptidase to platelet ratio, aspartate transaminase to platelet ratio index, and FIB-4 and evaluated the accuracy of these routine laboratory indices in predicting liver fibrosis and cirrhosis. 

RESULTS
Correlation analysis revealed a significant positive correlation between AGPR and liver fibrosis stage (P < 0.001). In the training cohort, the AUROC of AGPR was 0.83 (95%CI: 0.78-0.87) for predicting fibrosis (≥ F2), 0.84 (95%CI: 0.79-0.88) for predicting extensive fibrosis (≥ F3), and 0.87 (95%CI: 0.83-0.91) for predicting cirrhosis (F4). In the validation cohort, the AUROCs of AGPR to predict ≥ F2, ≥ F3 and F4 were 0.83 (95%CI: 0.77-0.88), 0.83 (95%CI: 0.77-0.89), and 0.84 (95%CI: 0.78-0.89), respectively.

CONCLUSION
The AGPR index should become a new, simple, accurate, and noninvasive marker to predict liver fibrosis and cirrhosis in chronic hepatitis B patients.
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[bookmark: OLE_LINK4153][bookmark: OLE_LINK4152][bookmark: OLE_LINK4159][bookmark: OLE_LINK4158]Core Tip: Chronic hepatitis B virus (HBV) infection is highly endemic in China, and routine assessment of chronic hepatitis B patients is greatly needed to guide management and indicate the need for treatment. In this study, we established a new index to stage liver fibrosis and cirrhosis in patients with chronic HBV infection in China. In addition, the study compared the predictive performance between the new index and other noninvasive indices. The new index is suitable for regular monitoring and is crucial for the management of patients with liver fibrosis/cirrhosis.

INTRODUCTION
[bookmark: OLE_LINK3420][bookmark: OLE_LINK3419][bookmark: OLE_LINK3422][bookmark: OLE_LINK3421]Chronic hepatitis B virus (HBV) infection is a public issue that affects human health. Patients who are chronically infected with HBV have a tendency to develop liver fibrosis, liver cirrhosis and even more serious conditions, such as hepatocellular carcinoma (HCC). It has been reported that liver fibrosis can be reversed in patients with varying degrees of fibrosis by removing pathogenic factors, including HBV infection and alcohol[1,2]. It would benefit patients to obtain early diagnosis and effective treatment of liver fibrosis before the disease worsens. Hence, measures should be taken to achieve early diagnosis of liver fibrosis to avoid disease progression caused by HBV infection.
[bookmark: OLE_LINK3423][bookmark: OLE_LINK3424]Liver biopsy has always been regarded as the gold standard to evaluate liver histology and assess the degree of fibrosis[3]. However, liver biopsy has shortcomings. Like any surgery, liver biopsy carries some risks, such as puncture of the lung or gallbladder, infection, bleeding, and pain, although these complications are rare[4]. In addition, a major problem is the sampling error and significant variability of fibrosis assessment by liver biopsy[5]. Transient elastography performed with FibroScan is a new technique to measure liver stiffness, and it has the advantages of noninvasiveness, good reproducibility and higher objectivity[6-8]. However, the FibroScan device and its maintenance are expensive, limiting the use of transient elastography in low- and middle-income countries and making it unsuitable for routine monitoring of liver fibrosis/cirrhosis in patients with chronic liver disease in economically poor areas. In recent years, researchers have been interested in finding a potential marker of liver fibrosis/cirrhosis or developing a multifactorial model from peripheral blood[9]. Noninvasive fibrosis tests based on routine laboratory indices have become available and are increasingly used to both assess and stage liver fibrosis; these include the aspartate transaminase (AST)-to-platelet (PLT) ratio index (APRI)[10], FIB-4[11] and the gamma-glutamyl transpeptidase (γ-GT) to PLT ratio (GPR)[12]. These indices are inexpensive, available and noninvasive for assessment of the stages of fibrosis/cirrhosis and can be easily performed in outpatient settings with limited conditions. Among these, the APRI was recommended by the World Health Organization as the most useful noninvasive tool to assess cirrhosis in resource-limited settings; however, FIB-4 was not recommended because it is not used for the detection of cirrhosis[13]. However, the levels of sensitivity and positive predictive value were low for APRI[14]. Therefore, there is an urgent need to find a more reliable method that is noninvasive, inexpensive, convenient and feasible for assessing liver disease stage and identifying patients who need treatment.
In this study, we tested a novel noninvasive index, the alkaline phosphatase (ALP) and γ-GT to PLT ratio (AGPR), for the assessment of liver fibrosis and cirrhosis through statistical analysis of clinical data. Moreover, we compared the diagnostic values of the AGPR, GPR, APRI and FIB-4 indices.

MATERIALS AND METHODS
Patients
The patients who participated in this study were divided into a training set and a validation set. Patients in the training set received treatment at the Affiliated Hospital of Guilin Medical University (Guilin, People’s Republic of China). Patients in the validation set received treatments at the Peking University People’s Hospital (Beijing, Guangxi Zhuang Autonomous Region, China). All patients were under treatment from May 2005 to October 2016, and all underwent systematic examinations, including abdominal ultrasound, routine laboratory tests and liver histological examination tests. The clinicopathologic characteristics of all patients, including age, gender, alcohol consumption, smoking status, hepatitis B e-antigen (HbeAg) status, fibrosis and cirrhosis stage, activity grade, white blood cell (WBC) count, neutrophil count (NEUT), lymphocyte count (LYMPH), PLT count, albumin, globulin, total bilirubin (TBIL), direct bilirubin (DBIL), alanine aminotransferase (ALT), AST, ALP, γ-GT and AGPR were collected and are detailed in Table 1. All patients in the study were chronically infected with HBV and were positive for hepatitis B surface antigen.

Liver histological examination
Some basic clinical examinations that ensure that patients are relatively safe when performing liver puncture surgery should be performed. In addition, physicians should obtain informed consent from the patients prior to surgery. Ultrasound localization was performed on consenting and suitable patients for liver biopsy procedures. Qualified liver tissue samples were formalin-fixed and paraffin-embedded for pathological analysis. Liver fibrosis and cirrhosis were graded as follows according to the METAVIR system: F0, no fibrosis; F1, fibrosis in the portal vein zone but no fibrous septa; F2, a small amount of fibrous septa; F3, many fibrous septa but no cirrhosis; F4, cirrhosis[15]. All biopsy samples were assessed separately by two liver pathologists who were blinded to the clinical information. If the results of their evaluation were discordant, a third highly experienced hepatopathologist blinded to patient information reviewed the contested samples. Samples were excluded from the study population if the pathologists failed to reach consensus.

Computational formula
AGPR was calculated as [ALP (U/L) + γ-GT (U/L)]/PLT count (109/L). APRI was calculated as (AST/ULN)/PLT count (109/L) × 100[10]. FIB-4 was calculated by the formula: Age (years) × AST (U/L)/[PLT (109/L) × ALT (U/L)1/2][11]. The formula for GPR was γ-GT/ULN of γ-GT/PLT count (109/L) × 100[12].

Statistical analysis
Student’s t test was used for continuous variables, and Pearson’s χ2 test or Fisher’s exact test was used for categorical variables to compare baseline characteristics. Data are presented as the mean ± SD or proportions. Univariable logistic regression was used for the variables of age, gender, WBC, NEUT, LYMPH, PLT, albumin, globulin, TBIL, DBIL, ALT, AST, ALP, γ-GT and AGPR. The receiver operating characteristic (ROC) curves were drawn to evaluate the accuracy rate of diagnosis for the AGPR, GPR, APRI, and FIB-4. The sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratio, hazard ratio and the area under the ROC curve (AUROC) of the four non-invasive markers for fibrosis and cirrhosis staging were obtained through comparison and analysis of F0-1 vs F2-4, F0-2 vs F3-4, and F0-3 vs F4, respectively. Data analysis was performed using SPSS software (version 24.0). A P value < 0.05 was regarded as statistically significant.

RESULTS
Study populations of the training and validation cohorts
Patients involved in this study needed to meet certain criteria. Those criteria were as follows: (1) Study patients were infected with HBV and underwent systematic examinations, including abdominal ultrasound, routine laboratory tests and liver biopsies; (2) Patients with HCC or other tumors were excluded; (3) Patients with coinfection of HCV, HIV or HDV were excluded; and (4) Patients with highly controversial results on liver fibrosis pathological grading were excluded. Figure 1 displays the selection principles. 
Clinical data related to this study are summarized in Table 1. There were no statistically significant differences between the training and validation cohorts in terms of age, gender, drinking status, smoking status, HbeAg, fibrosis stage, activity grade, WBC, NEUT, LYMPH, PLT, albumin, globulin, TBIL, DBIL, ALT, AST, ALP, γ-GT or AGPR (P > 0.05). Nonsignificant differences between the two study groups revealed that the selection of training and validation cohorts was reasonable.

AGPR predicts significant hepatic fibrosis and cirrhosis
Univariable analyses showed that the presence of significant liver fibrosis (≥ F2) was related to gender, WBC, NEUT, PLT, albumin, globulin, TBIL, DBIL, AST, ALP, γ-GT and AGPR (Table 2). In the training cohort, correlation analysis revealed a significant positive correlation between AGPR and liver fibrosis stage (r = 0.567, P < 0.001) (Figure 2A). In the validation cohort, there was also a positive correlation between AGPR and liver fibrosis stage (r = 0.524, P < 0.001), as shown in Supplementary Table 1 and Supplementary Figure 1A. Box plots showed that liver fibrosis stage positively correlated with ALP + γ-GT (r = 0.352, P < 0.001), GPR (r = 0.509, P < 0.001), APRI (r = 0.428, P < 0.001) and FIB-4 (r = 0.416, P < 0.001) in the training cohort (Figure 2B and D-F). The severity of liver fibrosis stage correlated significantly with a gradual increase in the levels of these indicators. There was a negative correlation between PLT count and liver fibrosis stage (r = -0.362, P < 0.001) in the training cohort (Figure 2C). The severity of liver fibrosis decreased with increasing PLT count. Similar results were obtained in the validation cohort, and the specific data related to these results are shown in Supplementary Figure 1B-F and Supplementary Table 2.

Comparisons of AUROC between AGPR and other noninvasive indices
The summary AUROC, sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios, and hazard ratios for the detection of fibrosis and cirrhosis for AGPR, GPR, APRI and FIB-4 are displayed in Table 3. In the training cohort, the AUROC of AGPR (0.83, 95%CI: 0.78-0.87) was higher than that of GPR (0.77, 95%CI: 0.72-0.82; P = 0.008), APRI (0.72, 95%CI: 0.67-0.77; P < 0.0001) and FIB-4 (0.74, 95%CI: 0.69-0.79; P = 0.0004) for the prediction of significant fibrosis (≥ F2). For the assessment of extensive fibrosis (≥ F3), the AUROC of AGPR (0.84, 95%CI: 0.79-0.88) was also higher than that of GPR (0.81, 95%CI: 0.76-0.85; P < 0.0001), APRI (0.70, 95%CI: 0.64-0.75; P < 0.0001) and FIB-4 (0.75, 95%CI: 0.69-0.80; P = 0.0005). For the diagnosis of cirrhosis (F4), the AUROC of AGPR was 0.87 (95%CI: 0.83-0.91), which was higher than that of GPR (0.80, 95%CI: 0.75-0.84; P = 0.0001), APRI (0.76, 95%CI: 0.70-0.8; P = 0.0002) and FIB-4 (0.80, 95%CI: 0.75-0.84; P = 0.022) (Figure 3A and Table 3). For identifying patients with significant fibrosis and cirrhosis, the summary sensitivities of AGPR were 83.1% and 88.6%, respectively, while the summary specificities of AGPR were 73.4% and 75.4%, respectively. The sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios, and hazard ratios of the other noninvasive indices are detailed in Table 3. Our results revealed that AGPR had the best overall performance among these noninvasive indices.
We further evaluated the diagnostic accuracy and performance of these noninvasive indices in the validation cohort. Similar to the results from the training cohort, the AUROC of AGPR was better than that of GPR (0.78, 95%CI: 0.71-0.83), APRI (0.77, 95%CI: 0.70-0.83), and FIB-4 (0.77, 95%CI: 0.71-0.83) (Figure 3B and Table 3).

DISCUSSION
Cirrhosis is one of the top 20 causes of disability-adjusted life years and life lost years, accounting for 1.6% and 2.1% of the global burden, respectively[16]. Cirrhosis is also the 11th most common cause of death worldwide[16]. Recently, Xu et al[17] provided updated guidelines for the management of liver cirrhosis in China. However, better screening for early fibrosis or cirrhosis remains a challenge. Finding an inexpensive, noninvasive, convenient, feasible and precise parameter to stage liver fibrosis is the expectation of all medical staff in China. Although liver biopsy is a good measure for the assessment of liver fibrosis grade, many patients do not accept it, or they are not suitable for the test[18,19]. FibroScan is a noninvasive diagnostic technique and its diagnostic accuracy is high. However, its application is limited because of its high cost[20]. Consequently, the development of noninvasive assessment methods for liver fibrosis in patients with chronic HBV infection appears especially important in clinical practice.
In the present study, we developed a new simple, convenient and noninvasive index (AGPR) to predict significant liver fibrosis in chronic HBV-infected patients in China. The correlation coefficients between liver fibrosis stage and AGPR suggest that AGPR is a good test for the assessment of significant liver fibrosis and cirrhosis.
The AGPR index was established on the basis of ALP, γ-GT and PLT. These three indicators are clinical evaluations of features of fibrosis/cirrhosis and evidence of decompensation. Hepatitis is related to ALP[21,22] and γ-GT[23,24]. ALP is useful in the diagnosis of chronic liver diseases[25]. A study showed that serum ALP level was significantly different in patients with or without liver cirrhosis[26]. In a report, γ-GT was demonstrated to be an independent predictor of hepatic fibrosis[27]. The circulating PLT count has been recommended as a biomarker of hepatic fibrosis and cirrhosis[28]. Based on these findings, each of the three variables is related to the degree of liver fibrosis. The antiviral treatment, anti-inflammatory and hepatoprotective treatment have a greater impact on serum levels of aminotransferases, such as AST and ALT. However, according to clinical observation, ALP and γ-GT are regarded as less specific for liver injury than AST and ALT. The effects of antiviral therapy, anti-inflammatory therapy and hepatoprotective therapy on ALP and γ-GT are not as obvious as on AST and ALT. As a matter of fact, elevated serum γ-GT levels are strongly associated with alcohol consumption. However, the researchers have reported that the high-risk liver disease mortality due to elevated γ-GT was not affected by alcohol consumption[29].
A routine assessment of liver fibrosis stage for patients with chronic HBV infection is needed to guide management and to indicate the need for treatment. However, the diagnosis of liver fibrosis and compensated cirrhosis cannot be based on clinically obvious features. Noninvasive fibrosis tests are now increasingly used for evaluating liver fibrosis, reducing the need for liver biopsy. AGPR may be a new promising noninvasive fibrosis test to assist in the selection of optimal candidates for antiviral therapy. The AGPR test is inexpensive, routinely available at health-care facilities, and can be performed by untrained staff. It is suitable for conventional monitoring of hepatic fibrosis and cirrhosis. The Guidelines Development Group prioritized urgent initiation of antiviral therapy for patients with cirrhosis based on APRI score > 2 in adults, regardless of ALT or HBV DNA levels[13]. However, when applying an APRI score > 2 in this study, the sensitivity for the diagnosis of cirrhosis was only 43.2% and 50.1% in the training and validation cohorts, respectively. This suggested that more than 50% of patients with cirrhosis would be incorrectly classified as not having cirrhosis, which may lead to delayed initiation of treatment. In contrast, the sensitivity of AGPR for the diagnosis of cirrhosis was high at 88.6% and 92.3% in the training and validation cohorts, respectively. Therefore, our data suggested that AGPR may be a preferred noninvasive test to detect the presence of significant fibrosis and cirrhosis. It may serve as a simple index to make treatment decisions in patients without evidence of cirrhosis in China and other resource-limited settings where HBV infection is endemic.
Our study has some limitations. First, the selection of samples was limited to a population with chronic HBV infection in China. Whether AGPR can be generalized to different geographical areas (the infection of hepatitis C virus is endemic) remains to be determined. Second, the time span of over 10 years for our selected samples was too long (from May 2005 to October 2016). Over this time period, substantial changes have taken place in terms of medical equipment and physical examination technologies, which may reduce the accuracy of our study results. Finally, there are many factors involved in liver fibrosis. The impact of various interference factors on the diagnostic accuracy of the AGPR index has not been fully evaluated. Some interference may affect the precision of our index.

CONCLUSION
In summary, the AGPR index may be an accurate noninvasive test for predicting significant liver fibrosis and cirrhosis in patients with chronic HBV infection in China. In addition, it is suitable for conventional monitoring. Therefore, for the prediction of liver fibrosis and cirrhosis, the AGPR index is a promising noninvasive marker that is worthy of further attention and research.

ARTICLE HIGHLIGHTS
Research background
Patients infected with hepatitis B virus (HBV) tend to develop liver fibrosis and liver cirrhosis. Those with cirrhosis have a high risk of hepatic decompensation and hepatitis B- related hepatocellular carcinoma.

Research motivation
Liver biopsy was used to ascertain the degree of fibrosis/cirrhosis. However, as an invasive procedure, liver biopsy has many disadvantages. The Guidelines Development Group recommended the use of noninvasive tests to assist in the assessment of liver disease stage and the diagnosis of fibrosis/cirrhosis. The use of a noninvasive test can reduce the need for liver biopsy.

Research objectives
The present study aimed to develop a precise noninvasive test to stage liver fibrosis/cirrhosis and compare the diagnostic values between different noninvasive methods.

Research methods
Univariable logistic regression was used to identify significant predictive factors. Correlation analysis was performed to reveal the correlation between clinical parameters and liver stage. Receiver operating characteristic (ROC) curves were drawn to evaluate the diagnostic accuracy of different noninvasive methods.

Research results
The presence of liver fibrosis was significantly related to alkaline phosphatase and the gamma-glutamyl transpeptidase to platelet ratio (AGPR). There was a significant positive correlation between AGPR and liver fibrosis stage. The area under the ROC curve values of AGPR were 0.83, 0.84, and 0.87 for the prediction of significant fibrosis, extensive fibrosis, and cirrhosis, respectively. The AGPR index had a better overall performance than other noninvasive indices.

Research conclusions
AGPR can be used to detect the presence of significant fibrosis, extensive fibrosis, and cirrhosis with high diagnostic accuracy, sensitivity, and specificity in patients with chronic HBV infection.

Research perspectives
The AGPR index is a promising noninvasive marker for assessing liver disease stage. The use of AGPR can help with the routine monitoring of hepatic fibrosis and cirrhosis.
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Figure 1 Selection principles of study population. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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[bookmark: OLE_LINK3432][bookmark: OLE_LINK3433]Figure 2 Box plots of [alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L) (A), alkaline phosphatase + gamma-glutamyl transpeptidase (B), platelet (C), gamma-glutamyl transpeptidase to platelet ratio (D), aspartate aminotransferase-to-platelet ratio index (E), and age × aspartate transaminase/platelet × alanine aminotransferase (F) according to the METAVIR fibrosis stage in the training cohort. AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L); ALP + γ-GT: Alkaline phosphatase + gamma-glutamyl transpeptidase; PLT: Platelet; GPR: Gamma-glutamyl transpeptidase to platelet ratio; APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: Age × aspartate transaminase/platelet × alanine aminotransferase.

[bookmark: _GoBack][image: WJG-28-3503-g003]

[bookmark: OLE_LINK3436][bookmark: OLE_LINK3437][bookmark: OLE_LINK4155][bookmark: OLE_LINK4154][bookmark: OLE_LINK3440][bookmark: OLE_LINK3441][bookmark: OLE_LINK3434][bookmark: OLE_LINK3435]Figure 3 The receiver operating characteristic analysis of [alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L), amma-glutamyl transpeptidase to platelet ratio, aspartate aminotransferase-to-platelet ratio index and age × aspartate transaminase/platelet × alanine aminotransferase in the training (A) and validation cohorts (B). AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L); GPR: Gamma-glutamyl transpeptidase to platelet ratio; APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: Age × aspartate transaminase/platelet × alanine aminotransferase; AUC: Area under the curve. 

Table 1 Clinical and biochemical data of examined patients
	Parameter
	Training cohort (n = 296)1
	Validation cohort (n = 211)1
	P value

	Age (yr)
	42.47 ± 11.98
	41.21 ± 11.36
	0.167

	Gender: Female/male (n)
	75/221
	40/171
	0.091

	[bookmark: OLE_LINK90][bookmark: OLE_LINK89]Drinking: Yes/no (n)
	127/169
	101/110
	0.268

	Smoking: Yes/no (n)
	92/204
	68/143
	0.784

	HbeAg: Negative/positive
	16/280
	15/196
	0.430

	Fibrosis stage: F0/F1/F2/F3/F4
	55/58/75/64/44
	47/47/37/54/26
	0.194

	Activity grade: A0/A1/A2/A3/A4
	16/92/113/69/6
	15/72/69/52/3
	0.446

	WBC (× 109/L)
	5.89 ± 2.55
	6.34 ± 4.32
	0.150

	NEUT × 109/L)
	3.55 ± 2.44
	3.66 ± 2.61
	0.611

	LYMPH (× 109/L)
	1.72 ± 0.62
	1.80 ± 0.63
	0.063

	PLT (× 109/L)
	171.61 ± 66.87
	174.48 ± 61.62
	0.636

	Albumin (g/L)
	41.12 ± 19.09
	39.94 ± 6.07
	0.380

	Globulin (g/L)
	29.67 ± 5.45
	29.14 ± 5.80
	0.298

	TBIL (μmol/L)
	16.51 ± 8.44
	16.73 ± 7.63
	0.768

	DBIL (μmol/L)
	6.91 ± 5.03
	7.07 ± 4.33
	0.699

	ALT (U/L)
	73.31 ± 65.41
	96.85 ± 83.62
	0.002

	AST (U/L)
	72.59 ± 63.29
	77.44 ± 67.34
	0.411

	ALP (U/L)
	97.70 ± 41.98
	104.32 ± 49.25
	0.104

	γ-GT (U/L)
	85.64 ± 69.68
	97.98 ± 75.36
	0.058

	AGPR
	1.26 ± 0.84
	1.32 ± 0.89
	0.431


1Data presented as the mean ± SD or proportions.
[bookmark: OLE_LINK3443][bookmark: OLE_LINK3442]HbeAg: Hepatitis B e-antigen; WBC: White blood cell; NEUT: Neutrophil count; LYMPH: Lymphocyte count; PLT: Platelet; TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: Gamma-glutamyl transpeptidase; AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L).

Table 2 Univariate analysis in the training cohort
	Parameter
	Fibrosis (F0-1) (n = 113)1
	Fibrosis (F2-4) (n = 183)1
	P value

	Age (yr)
	45.15 ± 14.97
	43.63 ± 13.32
	0.363

	Gender: Female/male (n)
	37/76
	38/145
	0.021

	WBC (× 109/L)
	6.45 ± 3.02
	5.55 ± 2.14
	0.003

	NEUT (× 109/L)
	4.14 ± 3.0
	3.18 ± 1.95
	0.001

	LYMPH (× 109/L)
	1.67 ± 0.60
	1.68 ± 0.63
	0.828

	PLT (× 109/L)
	206.0 ± 68.39
	150.55 ± 56.49
	< 0.001

	Albumin (g/L)
	41.26 ± 5.93
	39.29 ± 5.66
	0.005

	Globulin (g/L)
	27.46 ± 4.46
	31.04 ± 5.56
	< 0.001

	TBIL (μmol/L)
	13.82 ± 7.06
	17.12 ± 8.8
	< 0.001

	DBIL (μmol/L)
	6.43 ± 3.72
	7.81 ± 4.49
	< 0.001

	ALT (U/L)
	65.01 ± 70.72
	78.42 ± 66.62
	0.101

	AST (U/L)
	56.61 ± 55.11
	82.45 ± 66.09
	0.001

	ALP (U/L)
	79.06 ± 34.16
	109.2 ± 42.31
	< 0.001

	γ-GT (U/L)
	51.84 ± 47.06
	106.5 ± 73.21
	< 0.001

	AGPR
	0.72 ± 0.49
	1.61 ± 0.83
	< 0.001


1Data presented as the mean ± SD or proportions.
WBC: White blood cell; NEUT: Neutrophil count; LYMPH: Lymphocyte count; PLT: Platelet; TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: Gamma-glutamyl transpeptidase; AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L).

Table 3 Comparisons of the receiver operating characteristic curve between different non-invasive indices
	
	Training cohort (n = 296)
	Validation cohort (n = 211)

	
	F0-1 vs F2-4
	F0-2 vs F3-4
	F0-3 vs F4
	F0-1 vs F2-4
	F0-2 vs F3-4
	F0-3 vs F4

	AGPR

	  AUROC (95%CI)
	0.83 (0.78-0.87)
	0.84 (0.79-0.88)
	0.87 (0.83-0.91)
	0.83 (0.77-0.88)
	0.83 (0.77-0.89)
	0.84 (0.78-0.89)

	  Cut-off values
	0.87
	1.20
	1.40
	0.87
	1.20
	1.40

	  Se/Sp (%)
	83.1/73.4
	72.22/80.3
	88.6/75.4
	85.5/68.1
	78.7/70.2
	92.3/67.0

	  PPV/NPV (%)
	83.5/72.8
	67.8/83.4
	38.6/97.4
	76.9/79.0
	61.8/84.4
	28.2/98.4

	  Positive/negative LR
	3.13/0.23
	3.67/0.35
	3.60/0.15
	2.68/0.21
	2.65/0.30
	2.80/0.11

	  HR (95%CI) 
	8.48 (5.22-14.33)
	7.56 (4.76-9.83)
	8.10 (5.11-11.63)
	8.02 (4.95-15.62)
	7.06 (4.51-12.35)
	5.06 (3.89-7.72)

	GPR

	[bookmark: _Hlk471847731]  AUROC (95%CI)
	0.77 (0.72-0.82)
	0.81 (0.76-0.85)
	0.80 (0.75-0.84)
	0.80 (0.74-0.85)
	0.81 (0.74-0.87)
	0.78 (0.71-0.83)

	  Cut-off values
	0.32
	0.32
	0.56
	0.32
	0.32
	0.56

	  Se/Sp (%)
	73.7/70.8
	76.8/54.8
	79.5/65.9
	86.3/67.0
	91.2/56.5
	75.0/62.3

	  PPV/NPV (%)
	80.4/62.5
	49.4/80.5
	28.9/94.9
	76.5/79.7
	56.2/91.4
	26.5/86.9

	  Positive/negative LR
	2.53/0.37
	1.70/0.42
	2.33/0.31
	2.62/0.20
	2.10/0.15
	1.95/0.41

	  HR (95%CI) 
	6.53 (4.81-9.62)
	6.72 (3.96-9.63)
	6.47 (4.08-9.83)
	6.45 (3.58-11.61)
	7.30 (3.87-14.62)
	4.84 (3.28-7.95)

	APRI

	  AUROC (95%CI)
	0.72 (0.67-0.77)
	0.70 (0.64-0.75)
	0.76 (0.70-0.81)
	0.76 (0.70-0.82)
	0.74 (0.67-0.82)
	0.77 (0.70-0.83)

	  Cut-off values
	0.5
	1.5
	-
	1.0
	2.0
	0.5
	1.5
	-
	1.0
	2.0

	  Se/Sp (%)
	80.9/58.4
	36.1/79.7
	-
	77.3/64.7
	43.2/83.3
	83.8/54.3
	34.1/76.6
	-
	70.1/68.6
	50.1/78.3

	  PPV/NPV (%)
	75.9/65.3
	74.2/43.5
	-
	27.6/94.2
	31.1/89.4
	69.5/72.9
	64.5/48.3
	-
	26.3/92.7
	30.8/91.9

	  Positive/negative LR
	1.94/0.33
	1.77/0.80
	-
	2.19/0.35
	2.59/0.68
	1.83/0.30
	1.46/0.86
	-
	2.12/0.44
	3.16/0.63

	  HR (95%CI) 
	2.61 (1.85-3.67)
	1.85 (1.41-2.42)
	2.09 (1.63-2.55)
	1.59 (1.23-2.07)
	2.64 (1.76-4.32)
	2.13 (1.71-2.58)

	FIB-4

	  AUROC (95%CI)
	0.74 (0.69-0.79)
	0.75 (0.69-0.80)
	0.80 (0.75-0.84)
	0.74 (0.67-0.80)
	0.79 (0.73-0.84)
	0.77 (0.71-0.83)

	  Cut-off values
	-
	1.45
	3.25
	-
	-
	1.45
	3.25
	-

	  Se/Sp (%)
	-
	87.9/47.3
	42.6/87.2
	-
	-
	77.5/58.1
	37.5/93.1
	-

	  PPV/NPV (%)
	-
	49.0/87.3
	65.7/72.6
	-
	-
	53.0/80.9
	76.9/70.9
	-

	  Positive/negative LR
	-
	1.67/0.25
	3.34/0.66
	-
	-
	1.85/0.39
	5.46/0.67
	-

	  HR (95%CI) 
	1.86 (1.52-2.53)
	1.94 (1.55-2.42)
	2.17 (1.77-2.56)
	1.98 (1.50-2.62)
	2.11 (1.63-2.74)
	1.87 (1.68-2.36)

	Comparison of AUROC

	  AGPR and GPR
	P = 0.008
	P < 0.0001
	P = 0.0001
	P = 0.028
	P = 0.005
	P = 0.0008

	  AGPR and APRI
	P < 0.0001
	P < 0.0001
	P = 0.0002
	P = 0.0001
	P = 0.0001
	P = 0.134

	  AGPR and FIB-4
	P = 0.0004
	P = 0.0005
	P = 0.022
	P = 0.007
	P = 0.174
	P = 0.100

	  GPR and APRI
	P = 0.0007
	P = 0.0028
	P = 0.284
	P = 0.003
	P = 0.016
	P = 0.831

	  GPR and FIB-4
	P = 0.026
	P = 0.331
	P = 0.922
	P = 0.093
	P = 0.929
	P = 0.591

	  APRI and FIB-4
	P = 0.455
	P = 0.028
	P = 0.061
	P = 0.248
	P = 0.008
	P = 0.795


[bookmark: _Hlk514173288]AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet count (109/L); AUROC: Area under the receiver operating characteristic curve; Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; LR: Likelihood ratio; HR: Hazard ratio; CI: Confidence interval; GPR: Gamma-glutamyl transpeptidase to platelet ratio; APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: Age (years) × aspartate aminotransferase (U/L)/[platelet (109/L) × alanine aminotransferase (U/L)1/2].
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