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Background: In consideration of the limitations of liver biopsy, the past years have seen a great advance
in the application of noninvasive indices in assessing liver fibrosis. However, the accuracies of the existing
indices to determine liver fibrosis in patients with chronic hepatitis B (CHB) are still unsatisfactory. Here,
we established a noninvasive diagnostic model for assessing significant liver fibrosis (SLF) in CHB patients
based on serum chitinase 3-like 1 (CH3L1) and routine clinical indicators.

Methods: The clinical data of 337 CHB patients treated at Xiamen Hospital of Traditional Chinese
Medicine from December 1, 2019, to September 30, 2020, were collected in this cross-sectional study. All
the enrolled cases were randomly divided into a training cohort (n=270) and a validation cohort (n=67). The
training cohort was further divided into a non-significant liver fibrosis (NSLF) group (stages S0-S1; n=189;
used as the control group) and an SLF group (stage S2-S4; n=81) based on the Scheuer scoring system.
Univariate and multivariate logistic regression analyses were performed to screen for independent predictors
of SLF in CHB patients and to establish a diagnostic model.

Results: The results of univariate and multivariate logistic regression analysis showed that CHI3L1, AFP
and PLT were independent predictors of SLF in CHB patients, and the diagnostic model was established as
follows: CHI3L1/AFP/PLT (CAP) = 0.600 x CHI3L1/upper limit of normal (ULN) + 0.252 x AFP/ULN
- 1.424 x PLT/lower limit of normal (LLN) — 1.223. The area under the receiver operating characteristic
(AUROQC) of this model for the diagnosis of SLF in the training cohort and the validation cohort was
0.805 and 0.819, respectively, showing no statistically significant difference (P>0.05), and the AUROC for
the diagnosis of SLF in the whole cohort was significantly higher than those of other noninvasive markers
including aspartate transaminase to platelet ratio index (APRI), fibrosis 4 score (FIB-4) and CHI3L1 (all
P<0.05).

Conclusions: The newly established model has a good diagnostic efficacy for SLF in CHB patients and
is superior to other noninvasive markers including APRI, FIB-4, and CHI3L1. Thus, it can be used as a

noninvasive diagnostic index for liver fibrosis in CHB patients.
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Introduction

Chronic hepatitis B (CHB) is one of the most common
chronic liver diseases worldwide (1). Liver fibrosis is
a serious consequence of CHB, and interrupting the
development of liver fibrosis is an important goal of
antiviral therapy for CHB patients. Timely diagnosis and
dynamic assessment of liver fibrosis can effectively prevent
the progression of CHB into cirrhosis or hepatocellular
carcinoma (HCC) (2,3). Although liver biopsy remains the
gold standard for assessing the degree of liver fibrosis, its
clinical application is still limited due to its invasiveness,
inconvenience, risk of complications, and sampling errors.
In addition, it is not suitable for the dynamic monitoring of
liver fibrosis changes (4). Therefore, a series of noninvasive
indicators (e.g., serological markers or imaging findings)
have been developed, but to date there is still no single
indicator that can sensitively and accurately reflect the
degree of liver fibrosis. In recent years, many noninvasive
liver fibrosis models have been developed to partially replace
liver biopsy. Among these, the aspartate transaminase to
platelet ratio index (APRI) (5) and the fibrosis 4 score
(FIB-4) (6) are two widely applied indicators. Both were
recommended as indicators for the noninvasive diagnosis
of liver fibrosis in the 2015 World Health Organization
(WHO) guidelines for the prevention and treatment
of hepatitis B (7) and in the Chinese guidelines for the
prevention and treatment of CHB (3). However, these 2
indicators were originally established based on data from
patients with chronic hepatitis C virus (HCV) infection,
and their applicability to the assessment of liver fibrosis in
CHB patients remains to be further validated in clinical
studies (3,8,9). Serum chitinase 3-like 1 (CHI3L1) is a
potential marker of liver fibrosis that has been identified
in recent years. Several previous studies have shown that
CHI3L1 level in CHB patients is significantly correlated
with the stage of fibrosis (10,11). CHI3L1 was included
in the Guidelines for the Treatment of Cirrbotic Hepatic
Encephalopathy (12) and the Guidelines for the Prevention
and Treatment of Chronic Hepatitis B (3) in 2018 and 2019,
respectively, as a useful marker for evaluating the degree
of cirrhosis and liver fibrosis. However, few studies have
explored the roles of the combinations of CHI3L1 with
other routine clinical indicators in the diagnosis of liver
fibrosis in patients with CHB. Therefore, this study
analyzed the independent predictors associated with liver
fibrosis based on serum CHI3L1 levels and other routine
clinical indicators in patients with CHB, developed and
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validated a noninvasive diagnostic model to indirectly
determine the degree of liver fibrosis.

We present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-957).

Methods
Subjects

A total of 337 CHB patients, including 239 males and
98 females with ages ranging from 19 to 61 years (mean
36.3+7.9 years) who were treated at Xiamen Hospital of
Traditional Chinese Medicine from December 1, 2019 to
September 30, 2020, were finally included in this cross-
sectional study. The diagnosis of CHB was in accordance
with the diagnostic criteria in the Chinese Medical
Association’s Guidelines for the Prevention and Treatment of
Chronic Hepatitis B (2019 edition) (3). The exclusion criteria
were as following: (I) with coinfection of hepatitis C/D virus
or HIV, and/or chronic liver disease caused by other causes
(including autoimmune liver disease, inherited metabolic
disease of the liver, and drug-induced liver damage); (II)
with decompensated cirrhosis or hepatocellular carcinoma;
(ITII) with severe cardiac, cerebral, renal diseases or
hematological disorders; (IV) excessive alcohol use (>20 g/d
for women and >30 g/d for men); (V) undergoing antiviral
therapy; and (VI) with unclear serological indicators.

The whole cohort was randomly divided into a training
cohort (n=270) and a validation cohort (n=67) by using a
random number table at a ratio of 4:1. The training cohort
was further divided into a non-significant liver fibrosis
(NSLF) group (stages SO-S1; n=189; used as the control
group) and an SLF group (stage S2-S4; n=81; used as the
outcome group) based on the Scheuer scoring system. The
study was approved by the ethics committee of Xiamen
Hospital of Traditional Chinese Medicine (No. 2020-
K041-01). All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013). Individual consent for this
retrospective analysis was waived.

Study methods

The Transparent Reporting of a multivariable prediction
model for Individual Prognosis Or Diagnosis (TRIPOD)
statement (13) was used as the reporting guide for our
study. Data collected included (I) general information, (II)
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liver biopsy data, (III) hematological markers, and (IV) live
stiffness measurements.

()  General information entailed patients’ clinical data,
including gender, age, past histories, family history
of cirrhosis or HCC, and history of medications
that might have damaged the liver were collected.

(II) All patients underwent liver biopsy, and the
pathologic diagnoses of liver tissue inflammation
and fibrosis were based on the Scheuer scoring
system. Liver tissue specimens were >1.0 cm in
length, and the number of confluent areas was >5.
The tissue specimens were fixed in 10% buffered
neutral formalin and processed for paraffin
sectioning before reticulin staining and Masson
trichrome staining. Staging of liver fibrosis (S0-
S4) was carried out according to the Scheuer
classification by one pathologist blinded to the
clinical characteristics of all study subjects and
confirmed by another pathologist independently.
SO and S1 referred to no significant liver fibrosis
(NSLF); >S2 was considered to significant liver
fibrosis (SLF), with the presence of septa or
bridging fibrosis; and S4 indicated cirrhosis.

(III) Eleven hematological markers were used based
on hepatitis B virus (HBV) infection status, liver
function, and liver fibrosis-related indicators
reported in CHB patients, including hepatitis B
surface antigen (HBsAg), hepatitis B e antigen
(HBeAg), HBV deoxyribonucleic acid (HBV DNA),
alpha-fetoprotein (AFP), CHI3L1, international
normalized ratio (INR), platelets (PLT), albumin
(ALB), alanine amino transferase (ALT), aspartate
amino transferase (AST), and total bilirubin
(TBIL). Among them, AFP, HBsAg, and HBeAg
were detected using Abbott 2000 fully automated
chemiluminescent immunoassay analyzer and
accompanying reagents (Abbott Ireland Diagnostic
Division, Finisklin Business Park, Sligo, Ireland).
HBV DNA was determined using a Roche COBAS
Ampli Prep/COBAS TagMan system (Roche
Molecular Systems, Inc., Branchburg, NJ, USA).
CHI3L1 was measured by ELISA kit (Hangzhou
Proprium Biotech Company Limited, Hangzhou,
China), and its optical density value was measured
using a BIO-RAD iMark microplate absorbance
reader (Bio-Rad Laboratories Inc, Benicia, CA,
USA). Serum liver function indicators including

ALB, ALT, AST, and TBIL were measured using
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an Abbott ¢16000 fully automated biochemical
analyzer (Abbott GmbH&Co.KG, Wiesbaden,
Germany). PLT was measured using the XN-1000
Sysmex hematology analyzer (Sysmex Corporation,
Kobe, Japan). INR was measured using the STR-R
Evolution fully automated hemagglutination
analyzer (Diagnostica Stago, Taverny, France).
Blood samples were collected within 2 weeks before
and after liver biopsy, and all the hematological
markers were measured in our clinical laboratory.

(IV) Liver stiffness measurement (LSM) was performed
with vibration-controlled transient elastography
(VCTE) using FibroScan (Echosens, Paris, France).
The examinations were performed in the areas
between the seventh, eighth, and ninth rib from the
right anterior axillary line to the midaxillary line.
After 10 successful examinations were performed,
the median was used as the final examination result,
which was expressed as elasticity (kPa). The success
rate was required to be no lower than 60%, with
a deviation value greater than one-third of the
median.

Statistical analysis

All statistical analyses were performed using MedCalc
19.0.7 software (MedCalc, Mariakerke, Belgium). Normally
distributed data are expressed as mean * standard deviation;
independent samples #-test was used for comparisons
between 2 groups, and analysis of variance (ANOVA) was
used for comparisons of means among multiple groups.
Data that were nonnormally distributed or that had
uneven variances are shown as median [quartile spacing;
M (P25, P75)]. The Mann-Whitney U test was used for
comparisons between the 2 groups, the Kruskal-Wallis
rank-sum test was used for comparisons among multiple
groups, and Dunn’s test for multiple comparisons among
multiple groups. Categorical variables were expressed as
numbers and percentages, and were compared using the
chi-square test. The Jonckheere-Terpstra trend test was
used to analyze trends of the new indicator with the change
of Scheuer scores. Correlation analysis was performed
using the Spearman correlation method. With the NSLF
cases as the control group, 10 previously reported or widely
recognized liver fibrosis-associated indicators including
age, family history of cirrhosis or HCC, CHI3L1, AFP,
ALB, ALT, AST, TBIL, PLT, and INR were subjected to
univariate logistic regression analysis, and those variables
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A total of 537 CHB patients received
liver biopsy were enrolled in this study

Y

173 patients met exclusion criteria:

e Accompanied by autoimmune liver disease, non-alcoholic
steatohepatitis, or drug-induced liver damage (n=74)

With coinfection of hepatitis C/D virus or HIV (n=32)

With hepatocellular carcinoma or other tumors(n=21)
Excessive alcohol consumption (n=18)

Received antiviral therapy (n=28)

Y

Eligible CHB patients with liver biopsy
(n=364)

—— > With insufficient serological indicators (n=27)

Y

337 CHB patients included in our study
eventually

Figure 1 Flow diagram of the selection of study population. CHB, chronic hepatitis B.

with a P value <0.1 were included in the multivariate logistic
regression analysis to screen out independent predictors
of SLF in CHB patients and establish a diagnostic model.
The diagnostic performance of the model was evaluated in
terms of area under the receiver operating characteristic
curve (AUROC), cutoff value, sensitivity, and specificity,
and the differences in diagnostic performance between the
new diagnostic model and the 4 noninvasive diagnostic
indicators (including APRI, FIB-4, CHI3L1, and FibroScan
LSM values) of liver fibrosis recommended by the
guidelines (3) were compared. The DeLong test (14) was
used to compared the difference of AUROC. A value of
P<0.05 was considered statistically significant.

Results
General information

During December 2019 to September 2020, a total of
537 CHB patients who had received a liver biopsy were
enrolled in this study. Overall, 173 patients were excluded
base on exclusion criteria, 27 patients were excluded due
to insufficient data; 337 patients were included as the
eventual participants (Figure I). Clinical characteristics of
age, gender, family history of cirrhosis or HCC, histological
features of the liver, HBeAg status, and relevant markers of
patients in both training and validation cohorts are shown
in Tuble 1. Except that AFP was significantly higher in the
training cohort than in the validation cohort (P<0.05),
there were no statistically significant differences in all other
variables between the two cohorts (P>0.05).
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Establisbment of a new model for noninvasive diagnosis of
liver fibrosis

The cases enrolled in the training cohort were divided
into two groups based on the Scheuer scoring system: a
NSLF group (S0-S1, n=189) and an SLF group (52-54,
n=81). Eight variables that were statistically significant
for SLF were identified by univariate logistic regression
analysis, which included age, CHI3L1, AFP, ALB, AST,
TBIL, PLT, and INR. To exclude confounding variables,
the above variables were further subjected to multivariate
binary logistic regression analysis (selection criteria: P<0.1),
and CHI3L1, AFP, and PLT were found to be independent
predictors of SLF (all P<0.05; 7able 2). These 3 indicators
were included in the following equation to finally establish
a new index for diagnosing SLF denoted by CAP, assembled
by the first letter of each variable:

CHI3L1/AFP/PLT (CAP) = 0.600 x CHI3LI [upper
limit of normal (ULN)] + 0.252 x AFP (/ULN) — 1.424 x
PLT [lower limit of normal (LLN)] - 1.223

Diagnostic efficacy of the novel index CAP for SLF

The AUROC of the new index CAP for the diagnosis of
SLF in the training cohort and the validation cohort was
0.805 and 0.819, respectively (Figure 2, Table 3), showing no
statistically significant difference (P=0.843). The sensitivity,
specificity, and Youden index of CAP in the training and
validation cohorts for the diagnosis of SLF are shown in
Table 3, according to the diagnostic cutoff value of —1.90 at
the maximum Youden index in the training cohort.
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Table 1 General clinical characteristics of the enrolled patients in training and validation cohort
Variables Training cohort (n=270) Validation cohort (n=67) P value
Age (years) 36.6+8.0 35.3x7.4 0.2255
Men, n (%) 196 (72.6) 43 (64.2) 0.1747
Family history of cirrhosis or HCC, n (%) 47 (17.4) 15 (22.4) 0.3463
Stage of liver fibrosis, n (%) 0.8815

SO 17 (6.3) 4 (6.0)

S1 172 (63.7) 47 (70.1)

S2 42 (15.6) 9 (13.4)

S3 15 (5.6) 3 (4.5)

S4 24 (8.9) 4 (6.0)
HBeAg status, n (%) 0.8756

Positive 160 (59.3) 39 (58.2)

Negative 110 (40.7) 28 (41.8)
CHI3L1 (ng/mL) 104.2 (65.37, 157.1) 104.9 (69.02, 174.1) 0.4153
AFP (IU/L) 3.00 (1.70, 7.55) 2.30 (1.50, 3.42) 0.0177
ALB (g/L) 44.20+3.67 44.55+3.29 0.4639
ALT (IlU/L) 63.50 (35.75, 132.0) 66.00 (33.00, 138.0) 0.7377
AST (IU/L) 39.0 (27.0, 67.25) 44.0 (29.0, 93.0) 0.1793
TBIL (umol/L) 14.50 (10.68, 19.73) 12.50 (9.50, 19.40) 0.3407
PLT (10%L) 187.6+54.3 174.7+56.8 0.0850
INR 1.01+0.08 1.00+0.09 0.2753

HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine amino transferase; AST, aspartate amino transferase;

TBIL, total bilirubin; PLT, platelets; INR, international normalized ratio.

CAP in different liver fibrosis stages

CAP was further applied to the staging of liver fibrosis.
The CAP values in different liver fibrosis stages (S0, S1, S2,
S3, and S4) in the whole cohort are shown in Tible 4 and
Figure 3. The Jonckheere-Terpstra trend test revealed that
the CAP value tended to increase gradually with the severity
of liver fibrosis (P,.,4<0.001) and had a good correlation
(Spearman correlation coefficient: 0.486). Dunn’s test for
paired comparisons showed CAP had good performance in
distinguishing S2-S4 from S0-S1; however, the difference
in CAP among S2, S3, and S4 was not statistically
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significant (P>0.05) (1able 4, Figure 3).

Comparisons of CAP with APRI, FIB-4, CHI3L1, and
FibroScan LSM

In the whole cohort, the AUROC, sensitivity, and specificity
of CAP for the diagnosis of SLF (52-S4) were significantly
higher than those of the 2 noninvasive indices, APRI and
FIB-4, and CHI3L1 for the diagnosis of SLF (all P<0.05,
Table 5). However, no significant difference was found when
compared with those of FibroScan LSM [E(kPa); P=0.758;
Table 5).
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Table 2 Binary logistic regression analysis of significant liver fibrosis-related factors

Univariate analysis

Multivariate analysis

Variables

B OR 95% ClI P i OR 95% Cl P
Age (years) 0.058 1.060 1.025-1.096 0.001 0.037 1.038 0.996-1.081 0.076
Family history of -0.137 0.872 0.433-1.755 0.700 - - - -
cirrhosis or HCC
*CHI3L1 (/ULN) 0.693 1.999 1.509-2.647 0.000 0.600 1.822 1.315-2.523 0.000
*AFP (/ULN) 0.263 1.301 1.103-1.535 0.002 0.252 1.287 1.083-1.528 0.004
ALB (g/dL) -1.434 0.238 0.111-0.512 0.000 -0.421 0.419 0.236-1.822 0.419
ALT (/ULN) 0.038 1.039 0.976-1.106 0.229 - - - -
AST (/ULN) 0.093 1.098 0.988-1.220 0.083 -0.180 0.836 0.685-1.019 0.076
TBIL (umol/L) 0.022 1.022 1.001-1.043 0.035 0.013 1.013 0.983-1.044 0.402
*PLT (/LLN) -1.689 0.185 0.092-0.371 0.000 -1.424 0.241 0.108-0.537 0.000
INR 5.707  300.966 10.723-8,447.681 0.001 1.562 4.770 0.060-377.378  0.484
Constant - - - - -1.223 0.294 - 0.725

*, variables included in the regression model. HCC, hepatocellular carcinoma; ULN, upper limit of normal; AFP, alpha-fetoprotein; ALB,
albumin; ALT, alanine amino transferase; AST, aspartate amino transferase; TBIL, total bilirubin; PLT, platelets; LLN, lower limit of normal;

INR, international normalized ratio.

100 |-
80
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3 40_—
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() = A R SR SRR SR
0 20 40 60 80 100

100%-Specificity (%)

Figure 2 Receiver operating characteristic curves of CAP for the
diagnosis of SLF in the training cohort (n=270) and validation
cohort (n=67). CAP, CHI3L1/AFP/PLT; SLE, significant liver
fibrosis.

Diagnostic efficacy of CAP in different subgroups

The efficacy of CAP in diagnosing SLF (S§2-S4) was
also analyzed in subgroups with different ALT levels and
HBeAg statuses. It was found that the AUROCs of CAP

© Annals of Palliative Medicine. All rights reserved.

in diagnosing SLF were not significantly different among
the 3 ALT subgroups [SULN, (1-2) x ULN, and >2xULN]
and between the HBeAg-positive and HBeAg-negative
subgroups (Tubles 6,7).

Discussion

Liver fibrosis is caused by the excessive accumulation of
extracellular matrix (ECM) due to a variety of reasons (15),
with the activation of hepatic stellate cells (HSC) being the
central link (16). Assessment of the degree of liver fibrosis
in CHB patients is useful for early detection of liver fibrosis
and cirrhosis and is valuable for treatment planning and
prognosis prediction (17). In our current study, we found
that 3 indicators including CHI3L1, AFP, and PLT were
independent predictors of SLF in CHB patients. In previous
studies, all 3 of these markers were shown to be associated
with SLF. CHI3L1, a member of the mammalian chitinase
family, has a variety of biological activities; in particular,
it is involved in inflammatory responses, cell migration,
fibrosis, and tissue remodeling (18). Recent studies have
shown that intrahepatic CHI3L1, which is mainly derived
from hepatic macrophages and HSC, can activate HSC and
promote the differentiation of hematopoietic stem cells
into myofibroblasts, which secrete large amounts of ECM
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Table 3 Diagnostic performance of CAP for SLF in the training cohort (n=270) and validation cohort (n=67)
Groups AUROC (95% ClI) Cutoff Sensitivity (%) Specificity (%) Youden index Z score P value
Training cohort (n=270) 0.805 (0.746-0.864) -1.90 71.60 79.89 0.515 0.198 0.843
Validation cohort (n=67) 0.819 (0.683-0.954) -1.90 81.30 70.00 0.513

SLF, significant liver fibrosis; AUROC, area under the receiver operating characteristic.

Table 4 CAP in different hepatic fibrosis stages

Stages of hepatic fibrosis n Median (IQR) Mean rank z Prend Spearman correlation coefficient
SO 21 -3.15 (-3.33, -2.10) 109.9 9.098 0.000 0.486

S1 219 -2.49 (-3.06, -1.97) 142.3

S2 51 -1.43 (-2.21, -0.83)"" 226.7

S3 18 -1.36 (-2.23, -0.64)** 231.2

S4 28 -0.60 (-1.52, 2.49)=* 276.8

IQR, interquartile range; post-hoc analysis (Dunn): ** adjusted P<0.01 vs. S0; *adjusted P<0.01 vs. S1; Z and P,,,,, Were obtained with the

Jonckheere-Terpstra trend test.

251

15

10

CAP Index

Scheuer Fibrosis Score

Figure 3 Changes of CAP index with Scheuer fibrosis score. The
boxes represent interquartile ranges, the line through the box
indicates the median value and the lowest and highest lines indicate
the minimum and maximum value excluding outliers respectively.
CAP, CHI3L1/AFP/PLT.

proteins (including type I and III collagen), leading to the
formation of hepatic fibrosis (10). AFP is an important
marker for the diagnosis of primary HCC; however, several
recent studies have also found an association between AFP
and liver fibrosis (19,20). Feng er al. developed a novel
index using AFP and activated partial thromboplastin time
(APTT) to predict SLF in CHB patients who were HBeAg-

© Annals of Palliative Medicine. All rights reserved.

negative and had alanine aminotransferase <2x ULN,
with higher diagnostic efficacy than those of several other
noninvasive diagnostic indices (21). Thrombocytopenia
is a common complication of chronic liver disease. In
CHB patients, increased blockage and destruction of PLT
by an enlarged spleen, depressed thrombopoietin levels
in hepatocytes due to progression of liver fibrosis, and
bone marrow suppression result in a reduced rate of PLT
production (22).

Several noninvasive diagnostic indicators containing
routine serum markers have been used for clinical
evaluation of liver fibrosis in patients with chronic liver
disease. Among them, APRI and FIB-4 have been widely
accepted as indicators of liver fibrosis in CHB patients in
guidelines for the prevention and treatment of CHB (3,8).
The AUROC of the newly established CAP index in our
current study was significantly higher than those of APRI
and FIB-4 for diagnosing SLF. A possible explanation
is that APRI and FIB-4 were originally developed for
assessing the degree of Chronic hepatitis C (CHC)-related
liver fibrosis based on data from CHC patients (5,6). HBV
and HCV infections have very different effects on liver
fibrosis progression and relevant markers (23). Our study
included only CHB patients, and the diagnostic model
developed for assessing the degree of liver fibrosis was more
tailored to CHB patients. We also compared the diagnostic
efficacy between the new index CAP and the liver stiffness
measured by FibroScan and found CAP had a comparable
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Table 5 Comparison of AUROCs for CAP, APRI, FIB-4, CHI3L1, and liver stiffness E (Kpa) for the diagnosis of SLF in the whole cohort

Noninvasive indices AUROC (95% ClI) Cutoff Sensitivity (%) Specificity (%) z P
CAP 0.804 (0.757-0.845) -1.90 73.20 77.82 - -
APRI 0.639 (0.586-0.691) 0.27 70.10 55.23 4.804 0.000**
FIB-4 0.701 (0.649-0.750) 1.19 65.98 67.36 3.364 0.000**
CHI3L1 0.691 (0.638-0.740) 134.88 55.67 75.73 3.912 0.000**
E(Kpa) 0.818 (0.754-0.882) 9.1 76.27 74.84 0.308 0.758

**P<0.01 vs. CAP. SLF, significant liver fibrosis; APRI, aspartate transaminase to platelet ratio index; AUROC, area under the receiver

operating characteristic.

Table 6 AUROCG: of the new index CAP for the diagnosis of SLF in patients with different ALT levels

Subgroup AUROC SE 95% ClI Zz P

ALT < ULN (n=139) 0.778 0.0521 0.676-0.880 - -

ULN < ALT <2x ULN (n=87) 0.788 0.0495 0.691-0.885 0.141° 0.8879°
ALT >2x ULN (n=111) 0.832 0.0453 0.743-0.921 0.784%/0.657" 0.4329%/0.5115"

2 compared with the ALT<ULN subgroup; °, compared with the ULN < ALT <2x ULN subgroup. AUROC, area under the receiver operating
characteristic; SLF, significant liver fibrosis; ALT, alanine amino transferase; ULN, upper limit of normal.

Table 7 AUROCG: of the new index CAP for the diagnosis of SLF in HBeAg-negative and -positive patients

Subgroup AUROC SE 95% Cl 4 P
HBeAg- (n=137) 0.799 0.0448 0.711-0.886 - -
HBeAg+ (n=200) 0.801 0.0346 0.745-0.880 0.249 0.8032

AUROC, area under the receiver operating characteristic; SLF, significant liver fibrosis.

AUROC with LSMs for diagnosing SLE. FibroScan, which
was developed on the basis of transient elastography, has
the advantages of being convenient, fast, and noninvasive.
In recent years it has been increasingly favored as a useful
tool for assessing liver fibrosis by measuring liver stiffness.
However, the results of FibroScan tests can be easily
affected by many factors, such as obesity, ascites, ALT, AST,
and bilirubin. Furthermore, the FibroScan system is too
expensive for most of the grassroots hospitals in China.
Among the variables included in the newly developed CAP
index, CHI3L1 can be obtained by a simple enzyme-linked
immunosorbent assay (ELISA) test, and both AFP and
PLT are routine laboratory tests for patients with CHB,
which are easily available at all levels of medical institutions.
Therefore, CAP can be used as a noninvasive diagnostic
index in grassroots hospitals as an alternative to FibroScan
LSM for the diagnosis of SLE.

By comparing the differences in CAP levels among
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different liver fibrosis stages, we further found that CAP
could better identify SLF and that its level showed a
progressive increase with the severity of liver fibrosis.
However, no statistical difference in CAP was found among
S2, S3, and S4 stages. Therefore, CAP is more suitable for
the diagnosis of SLF in CHB patients and has a limited role
in distinguishing the specific stages of liver fibrosis in CHB
patients who have already developed SLF. However, this
may be related to the relatively small number of SLF cases
in the present study, and therefore multicenter studies with
larger sample sizes are warranted to further validate the
diagnostic performance of CAP.

The natural course of CHB is usually divided into 4
different phases: immune tolerance, immune clearance,
inactive carrier, and reactivation (3). For HBeAg-positive
patients in the immune clearance phase and for HBeAg-
negative patients in the reactivation phase, charactered by

high viral load (HBV DNA >2,000 IU/mL) and persistently
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abnormal ALT (> ULN), most guidelines recommend that
antiviral therapy should be initiated directly, which has
been widely recognized both in China and other countries
(3,24-27). However, the treatment and management of
those patients with low HBV DNA levels (2,000 IU/mL)
and persistently normal AT remains highly controversial
(25-27). Some of these patients are still in the immune
tolerance phase and do not require immediate antiviral
therapy. However, another group of those patients has
actually entered the immune clearance phase, with
significant liver inflammation or fibrosis on liver histology;
however, their serum ALT levels can still be normal, making
it difficult to distinguish them from those in the immune
tolerance phase, which often causes delays in diagnosis
and leads to insidious progression to cirrhosis or even liver
cancer (28). In the present study, we found no statistically
significant differences in the AUROCs of CAP index in
diagnosing SLF among CHB patients with different ALT
levels and between HBeAg-negative and HBeAg-positive
CHB patients, suggesting the diagnostic efficacy of CAP
for SLF was not affected by ALT level and HBeAg status.
Thus, CAP is applicable to patients in different stages of
CHB and helps to determine the timing of antiviral therapy
in CHB patients.

Despite these findings, our study had certain limitations.
First, the small sample size of patients with SLF among the
enrolled cases might have influenced the actual diagnostic
efficacy of the model. Second, model validation was
performed in another randomly selected group of cases at
the same center where the training cohort was enrolled,
meaning the study lacked data from multicenter external
validation. Third, we developed the model by using clinical
indicators obtained from a single time point, and no follow-
up data were obtained from the enrolled cases. Therefore,
before the clinical application of CAP, we will further follow
up the enrolled cases at different time points and further
validate the model in multicenter studies with large sample
sizes.

In conclusion, we developed a noninvasive model CAP
to diagnose liver fibrosis in CHB patients. This newly
established index has better diagnostic efficacy for SLF than
do other noninvasive indicators, including APRI, FIB-4,
and CHI3L1, and is clinically valuable in the noninvasive
diagnosis of liver fibrosis in CHB patients. In addition
to routine biomarkers, some emerging new candidates
including the oxidative stress-mediated biomarkers,
epigenetic and genetic markers, exosomes, miRINAs could

© Annals of Palliative Medicine. All rights reserved.
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serve as diagnostic biomarkers for hepatic fibrosis. In the
following study, further extensive evaluations are required
to circumscribe the predictive value of these biomarkers and
to establish a model by combining liver-specific biomarkers
for early diagnosis and staging of liver fibrosis with better
sensitivity and specificity, and to stratify patients for possible
therapeutic interventions (29).
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