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Abstract

Background This study aimed to compare the diagnostic accuracy of transient elastography (TE) and biopsy for the detec-
tion of liver fibrosis in children with chronic hepatitis B (CHB).

Methods This single-center prospective study included 157 CHB children aged 0-6 years. All patients underwent liver
stiffness measurement (LSM) by TE and liver biopsy, separated by an interval of less than 1 week.

Results The LSM, aspartate aminotransferase-platelet ratio index (APRI), and fibrosis-4 index (FIB-4) were positively cor-
related with activity grade and fibrosis stage in CHB children. The areas under the receiver operating characteristic curves
(AUCs) of LSM for identifying significant (F >2) and advanced (F > 3) fibrosis were 0.732 and 0.941, respectively. The cut-
off values, specificity, and sensitivity for significant fibrosis were 5.6 kPa, 75.7%, and 67.4%, respectively; the corresponding
values for advanced fibrosis were 6.9 kPa, 91.5%, and 81.3%, respectively. Compared to LSM, the overall diagnostic per-
formances of APRI and FIB-4 for significant and advanced fibrosis were suboptimal, with low AUCs and sensitivity. Since
LSM, platelet, and Log,, (hepatitis B surface antigen) were independent factors associated with the fibrosis stage (F <2 and
F>2), they were used to formulate the “LLPS” index for the prediction of F>2. The AUC of LPS (for F > 2) was higher than
that of LSM (0.792 vs. 0.732, p <0.05), and had an improved sensitivity (76.6% vs. 67.4%).

Conclusions TE is a promising technology for the diagnosis of advanced fibrosis in CHB children aged 0-6 years.
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y-GT Gamma-glutamyl transpeptidase
TE Transient elastography

WBC White blood cell
Introduction

Hepatitis B virus (HBV) infection is one of the most com-
mon causes of chronic liver disease worldwide, especially
in China where more than 80 million adults and 37,000
children are affected [1, 2]. Although the natural history of
chronic HBV infections in children remains poorly under-
stood, a limited number of studies have shown that 1-5%
of hepatitis B e antigen (HBeAg)-positive children develop
cirrhosis before adulthood [3—6]. In addition, 25% of adult
patients who acquire HBV infection in childhood will
develop liver cancer or cirrhosis, both of which are associ-
ated with high morbidity and mortality [7]. Thus, there is a
critical need to decrease the risk of disease progression to
cirrhosis, and develop a functional cure for chronic hepatitis
B (CHB). One of the most important indicators for antiviral
treatment is histological evidence of necro-inflammation and
fibrosis, according to the guidelines of the European Society
of Paediatric Gastroenterology, Hepatology, and Nutrition
(ESPGHAN), as well as the American Association for the
Study of Liver Diseases [8]. Therefore, the early diagnosis
of the extent of liver inflammation and fibrosis is important
for the treatment of CHB during childhood [8, 9].

Currently, liver biopsy remains the gold standard for
determining the degree of liver inflammation and fibro-
sis and is integral for guiding antiviral treatment in chil-
dren with CHB [8, 9]. Nevertheless, follow-up biopsies
are required to evaluate the efficacy of antiviral treatment
[10]; these procedures are associated with pain, additional
expenses, and risks of post-procedure hospitalization [11].
Moreover, a liver biopsy requires highly skilled physicians
and medical devices. Thus, there is a need for the devel-
opment of non-invasive tests to diagnose liver cirrhosis in
children with CHB, in order to avoid the risks and costs
associated with liver biopsies.

The aspartate aminotransferase (AST)-platelet (PLT) ratio
index (APRI) and fibrosis-4 index (FIB-4) scores, obtained
by evaluating laboratory parameters, have been used to
identify fibrosis stages in adult patients with CHB. How-
ever, a previous study has shown that the APRI and FIB-4
are inadequate due to high rates of misclassification [12];
the diagnostic performance of the APRI and FIB-4 in chil-
dren with CHB remains unknown. Transient elastography
(TE) is a novel noninvasive assessment tool that has been
widely adopted to diagnose liver fibrosis stage and monitor
the development of chronic liver diseases (e.g., CHB and
chronic hepatitis C [CHC]) in adult patients, due to its accu-
racy and reproducibility [13]. Several studies have shown

that the liver stiffness measurement (LSM) determined via
TE is useful for the assessment of liver fibrosis in children
with chronic liver disease [14, 15]. Although the LSM has
been used to evaluate hepatitis B- and C-related fibrosis in
children across three studies, their results have been limited
by small sample sizes, restricted patient populations (pri-
marily adolescents and young adults), as well as the inclu-
sion of liver diseases due to multiple causes [11, 15, 16].
To date, no studies have assessed the effectiveness of TE in
the detection of liver fibrosis in children with CHB. There-
fore, the purpose of this study was to compare the diagnostic
accuracy of TE and biopsy for the detection of liver fibrosis
in children with CHB.

Patients and methods
Patient recruitment

This prospective study enrolled 157 CHB patients (aged
0-6 years) from June 2015 to March 2020 at Fifth Medi-
cal Center of Chinese PLA General Hospital. Patients were
included if they were aged <6 years; met the criteria for
CHB, according to the guidelines for prevention and treat-
ment of CHB in China [17]; and underwent LSM and liver
biopsy, separated by an interval of less than 1 week. and writ-
ten informed consent was obtained from the parent or legal
guardian of the child subjects. The exclusion criteria com-
prised the following: (1) white blood cells <2.75x 10°/L,
PLT < 80 x 10%/L, total bilirubin> 51 pmol/L, alanine
aminotransferase (ALT)>400 IU/L, serum creati-
nine > 133 pmol/L, or international normalized ratio> 1.5;
(2) patients positive for hepatitis A/C/delta virus, human
immunodeficiency virus, or a chronic liver disease other than
CHB (e.g., autoimmune hepatitis, Wilson’s disease, hepa-
tolenticular degeneration, and hepatocellular carcinoma);
(3) evidence of decompensation (i.e., clinical ascites); and
(4) any other serious physical and mental illnesses. Writ-
ten informed consent was obtained from the parent or legal
guardian of all child patients.

Clinical and laboratory parameters

Demographic data, including age, gender, body weight, and
height (Body Mass Index [BMI] =body weight in kg/[height
in meters]z), were collected. Routine blood tests, liver func-
tion tests, abdominal ultrasound examination, and plasma
HBYV deoxyribonucleic acid (DNA) and serological HBV
marker (including HBeAg and hepatitis B surface antigen
[HBsAg]) quantification were performed. The APRI and
FIB-4 were calculated by using the following formula, as
previously reported [12]: APRI=[AST level (IU/L)/AST
upper level of normal (IU/L)]/PLT count (10°/L)x 100
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and FIB-4 =[age (years) X AST level (IU/L)]/[PLT count
(10°/L) x ALT level (IU/L)].

Liver histology and LSMs

After the laboratory examinations were performed, ultra-
sonic-guided liver biopsies were carried out in all patients
using a 1-s needle biopsy. Liver specimens were prepared
for histological evaluation by a senior pathologist, who was
blinded to the LSM results, according to the meta-analysis
of histological data for viral hepatitis (METAVIR) scoring
system [18]. The LSM was expressed in kPa, and measured
by a certified and experienced physician (blinded to the liver
biopsy results) using the Fibroscan® and S probe (Echosens,
France). The LSM results were only considered to be reli-
able when an interquartile range (IQR)/LSM of <0.3 was
obtained, across a maximum of 10 validated measurements.

Statistical analysis

Quantitative variables are expressed as the mean =+ stand-
ard deviation or median and IQR; categorical variables are
expressed as the number and percentage of patients. Quanti-
tative variables were compared using the Student ¢ test/one-
way analysis of variance for normally distributed variables,
or Tamhane’s T2 test for non-normally distributed variables.
Categorical variables were compared using the Chi-squared
test. Correlations were assessed using Spearman’s rank cor-
relation coefficient, and factors associated with the degree
of liver fibrosis were identified with a logistic regression
analysis. The diagnostic value of the LSM was evaluated
based on the following: sensitivity; specificity; positive and
negative predictive values; positive and negative likelihood
ratios; and the area under the receiver operating character-
istic (ROC) curve (AUC), as determined via the Hanley-
McNeil test. The LSM cut-off values for predicting the dif-
ferent stages of liver fibrosis were determined at the highest
sensitivity and specificity. All statistical analyses were per-
formed using SPSS 25.0 statistical software (Armonk, NY,
USA). The level of statistical significance was set at p <0.05.

Results
Patient demographic and laboratory variables

Among the 157 included patients, 92 (58.6%) were male; the
median age was 3.0 years (IQR, 1.9, 4.1), and the median
BMI was 16.01 (15.00, 17.28) (Table 1). The laboratory
variables, including the white blood cell count (8.2 +2.1,
10°/L), PLT count [287 (236, 344), 10°/L], ALT level [73
(42, 145), IU/L], AST level [79 (55, 136), IU/L], Log,, HBV
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Table 1 Patient variables

Variable Patients (n=157)
Male gender, n (%) 92 (58.6)

Age (median, IQR, years) 3.0(1.9,4.1)
BMI (median, IQR, kg/m?) 16.01 (15.00, 17.28)
ALT (median, IQR, IU/L) 73 (42, 145)
AST (median, IQR, IU/L) 79 (55, 136)
Total bilirubin (median, IQR, pmol/L) 6.2 (4.9, 8.3)
ALP (median, IQR, IU/L) 283 (233, 338)
y-GT(median, IQR, IU/L) 17 (13, 29)
Albumin (median, IQR, g/L) 41 (39, 43)
cholinesterase (median, IQR, IU/L) 7933+ 1644
WBC count (means + SD, 10°/L) 8.2+2.1

PLT count (median, IQR, 10%/L) 287 (236, 344)
HBeAg postitive, n (%) 143 (91.1)

HBeAg (median, IQR, COI)

HBsAg quantification (median, IQR, IU/
mL)

Log;, HBsAg (median, IQR, IU/mL)
Log;, HBV DNA (median, IQR, IU/mL)
APRI (median, IQR)

FIB-4 (median, IQR)

1457 (435, 1814)
18,101 (5133, 42,793)

4.26 (3.71, 4.63)

7.87 (7.00, 8.01)
0.6778 (0.4573, 1.1296)
0.0951 (0.0639, 0.143)

LSM (median, IQR, kPa) 5.2 (4.4-6.1)
Activity grade, n (%)
A0 2(1.3)
Al 57 (3.3)
A2 96 (61.1)
A3 2(1.3)
Fibrosis stage, n (%)
FO 16 (10.2)
F1 95 (60.5)
F2 30 (19.1)
F3 13 (8.3)
F4 3(1.9)

IQOR interquartile range, BMI body mass index, ALT alanine ami-
notransferase, AST aspartate aminotransferase, ALP alkaline phos-
phatase, y-GT gamma-glutamyl transpeptidase, WBC white blood
cell, PLT platelet, HBeAg hepatitis B e-antigen, HBsAg hepatitis B
surface antigen, LSM liver stiffness measurement, APRI aspartate
aminotransferase-to-Platelet ratio index, FIB-4 the Fibrosis-4 score,
COI cutoff index

DNA quantification [7.87 (7.00, 8.01), IU/mL], and sero-
logical HBV markers are summarized in Table 1.

Noninvasive assessment indices for liver fibrosis
and histological features

The LSM was 5.2 (4.4-6.1) kPa, ranging from 1.1 to
12.6 kPa (Table 1). The APRI and FIB-4 scores were 0.6778
(0.4573, 1.1296) and 0.0951 (0.0639, 0.1434), respectively.
In addition, 59 patients presented with either mild or no
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necroinflammatory activity (A <2); 96 and 2 patients were
assigned scores of A2 and A3, respectively. Mild liver fibro-
sis, or a lack thereof (FO-F1), was observed in 111 patients;
30 patients had a score of F2, and 16 patients exhibited an
advanced fibrosis (F>3) (Table 1).

Correlation between LSM, APRI and FIB-4
with activity grade and liver fibrosis stage

The activity grades were divided into two groups (A <2 and
A >2), and liver fibrosis stages were classified into three
groups (FO-F1, F2, and F3-F4), in accordance with previ-
ous studies [14]. The distribution of the LSM, APRI, and
FIB-4 according to activity grade and stages of liver fibrosis
are displayed in Fig. 1. A comparative analysis showed that
the A>2 group [5.5 (4.6-6.5) kPa] had a higher median
LSM value than that of the A <2 group [4.8 (4.1-5.4) kPa]
(p<0.001) (Fig. 1a). Patients classified with the F3-F4 stage
had a significantly higher LSM compared to those with the
FO-F1 (8.3 vs. 4.9 kPa; p<0.001) and F2 (8.3 vs. 5.6 kPa;
p<0.001) stage. There was no significant difference in LSM
values between patients in the FO-F1 stage and F2 stage
(Fig. 1b). In terms of the APRI, the A >2 group had higher
values compared to the A <2 group (0.9726 vs. 0.4664,
p <0.001). Patients classified with the F3-F4 stage had sig-
nificantly higher values than those classified with the FO-F1
stage (1.4040 vs. 0.5662, p <0.05) (Fig. 1c and d). In addi-
tion, FIB-4 levels were higher in the A >?2 group compared
to the A <2 group (0.1104 vs. 0.0814, p <0.01); however,
there were no significant differences in fibrosis stages among
the three groups (FO-F1, 0.0896; F2, 0.1321; and F3-F4,
0.1337; all p>0.05) (Fig. le and f).

We subsequently estimated the correlations between
clinical and histological parameters (LSM, APRI, and FIB-
4) with both activity grades (A <2 and A >2) and liver
fibrosis stages (FO-F1, F2, and F>3). The LSM (r=0.275,
p<0.001), APRI (r=0.478, p<0.001), and FIB-4 (r=0.249,
p<0.01) were all positively correlated with the degree of
activity. All three laboratory and histological parameters
were also positively correlated with the degree of fibrosis
(LSM, r=0.414, p<0.001; APRI, r=0.357, p<0.001; FIB-
4,r=0.277, p<0.001). These results suggest that the LSM,
APRI, and FIB-4 are positively associated with the severity
of liver inflammation and fibrosis in children with CHB.

Diagnostic value of the LSM, APRI, and FIB-4
for liver fibrosis stages

To further evaluate the performance of the LSM, APRI, and
FIB-4 for the liver fibrosis stages, ROC curve analysis was
performed for all patients. The AUCs of the LSM for the iden-
tification of fibrosis stages F>2 and F >3 among children with
CHB were 0.732 (95% confidence interval [CI], 0.639-0.826)

and 0.941 (95% CI 0.897-0.985), respectively (Table 2). The
optimal cut-off values, specificity, and sensitivity for F>2
were 5.6 kPa, 75.7% (95% CI 66.6-83.3), and 67.4% (95% CI
52.0-80.5), respectively; the corresponding values for F>3
were 6.9 kPa, 91.5% (95% CI 85.6-95.5), and 81.3% (95%
CI 54.4-96.0), respectively (Table 2; Fig. 2a and b). While
the specificities of the APRI for the prediction of F>2 and
F> 3 were moderately higher than those of the LSM, both the
AUCs and sensitivities of the APRI and FIB-4 for F>2 and
F> 3 were lower, especially for F> 3 (Table 2; Fig. 2a and b).
These results suggest that the LSM is more reliable than the
APRI and FIB-4 for the assessment of advanced liver fibrosis;
nevertheless, all three of these parameters were suboptimal for
the identification of significant liver fibrosis.

Parameters independently associated with the F>2
fibrosis stage

A univariate analysis was performed to assess the potential
associations between the fibrosis stage and both clinical and
laboratory parameters (Table S1). The results indicated that
ALT, AST, gamma-glutamyl transpeptidase, cholinesterase,
PLT, HBeAg, HBsAg, Log,,HBsAg, Log,(HBV DNA, A>2,
and LSM were significantly associated with the fibrosis stage
(F>2) (all p<0.05) (Table S1). LSM, PLT, and Log,,;HBsAg
remained significantly associated with the fibrosis stage in the
multivariate analysis (all p <0.05) (Table 3).

Combination of LSM, PLT, and Log,,HBsAg
for the determination of the F > 2 liver fibrosis stage

Since LSM had a relatively poor diagnostic accuracy for
F>2 (Table 2; Fig. 2), LSM, PLT, and Log,,HBsAg were
combined as independent factors to create an algorithm for
the prediction of the F> 2 liver fibrosis stage. This algorithm
was referred to as the LPS index: LSM, PLT, and Log,,HB
sAg=0.511xLSM — 0.006 X PLT — 0.682x Log,,HBsA
g+0.769. The results indicated that the AUC increased
to 0.792 (95% CI 0.720-0.852), which was higher than
that of LSM (0.792 vs. 0.732, p<0.05) (Table 4 and Fig.
S1). Furthermore, the sensitivity increased by almost 10%
(76.7% vs. 67.4%) (Table 4 and Fig. S1). Taken together,
these findings demonstrate that compared to LSM, the com-
bination of LSM, PLT, and Log,;HBsAg can better predict
the F>2 liver fibrosis stage, with a higher AUC and greater
sensitivity.

Discussion
This study is the first to report that the LSM is a superior

noninvasive index for predicting the HBV-related liver fibro-
sis stage in children aged 0-6 years, compared to APRI and
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Fig. 1 Correlation between LSM, APRI or FIB-4 and histological
features in children with CHB. a LSM vs. activity grade (A <2 and
A>2). b LSM vs. METAVIR liver fibrosis stage (FO-F1, F2, and F3—
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VIR liver fibrosis stage (FO-F1, F2, and F3-F4). e FIB-4 vs. activity
grade (A<2 and A>2). f FIB-4 vs. METAVIR liver fibrosis stage
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Table 2 The diagnostic performance of LSM, APRI, and FIB-4 for the identification of fibrosis stages

Fibrosis Cutoff (kPa) YI Se (%,95%  Sp(%,95% PLR (95%  NLR(95% PPV (%,95% NPV (%, AUC (95% CI)
stage CI CI lel)) Ch o)) 95% CI)
LSM
F>2 5.6 043 674 75.7 2.3(1.5-3.6) 0.36 84.8 (785~  53.4(43.9-  0.732 (0.639-
(52.0-80.5)  (66.6-83.3) (0.20-0.50)  89.6) 62.8) 0.826)
F>3 6.9 073 813 91.5 4.9 (18- 0.10 97.7(93.9- 52(37.5-  0.941 (0.897-
(54.4-96.0)  (85.6-95.5) 13.5) (0.06-0.20)  99.2) 66.2) 0.985)
APRI
F>2 0.7159 04222 64.0 78.3 2.9(1.7-52) 0.46 87.7(80.1—  47.4(402-  0.713 (0.636—
(54.3-72.9)  (63.6-89.1) (0.30-0.60)  92.6) 54.6) 0.783)
F>3 0.8156 0.5829 64.5 93.7 10.3 0.38 98.9(93.1-  23.1(18.8—  0.790 (0.718—
(56.0-72.4)  (69.8-99.8) (1.5-69.2)  (0.30-0.50)  99.8) 27.9) 0.851)
FIB-4
F>2 0.0928 0.2759 55.8 71.7 2.0(1.2-32) 0.62 82.7 (745~ 402 (33.8-  0.655(0.575—
(46.1-65.3)  (56.5-84.0) (0.50-0.80)  88.6) 47.0) 0.729)
F>3 0.1543 0.3440 84.4 50.0 1.7(1.0-2.8) 0.31(0.20—  93.7(90.1-  26.7(16.3—  0.660 (0.580—
(77.3-90.0)  (24.7-75.3) 0.60) 96.1) 40.4) 0.734)

Se sensitivity, Sp specificity, PLR positive likelihood ratio, NLR negative likelihood ratio, PPV positive predictive values, NPV negative predic-
tive values, AUC area under receiver operating characteristics (ROC) curves, LSM liver stiffness measurement, APR/ aspartate aminotransferase-
to-Platelet ratio index, FIB-4 Fibrosis-4 score

Fig.2 AUCs of LSM, APRI, a b

and FIB-4 for the diagnosis 100 . 100

of liver biopsy fibrosis stage. F22 B F23 |
The AUCs of LSM, APRI, and JI_
FIB-4 for the a F>2 fibrosis 80 80-
stage and b F >3 fibrosis stage.
AUC area under the receiver
operating characteristic (ROC)
curve, LSM liver stiffness meas-
urement, kPa kilopascal, APRI
aspartate aminotransferase-
to-platelet ratio index, FIB-4
fibrosis-4 score, METAVIR
meta-analysis of histological 20+ 20+
data for viral hepatitis :Ii\?a%(kpa) :/I_'\?:%(kpa)
~FIB-4 —FIB-4

(=23

o
1
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Table 3 Independent factors associated with the fibrosis stages of the ~ FIB-4 scores. Furthermore, we found that the LSM was bet-

liver biopsy ter able to distinguish the FO—F2 stage from the F3-F4 stage
Estimate+SE  Odds ratio (95% CI) p (AUC 0.941), compared to the FO-F1 and F2-F4 stages

(AUC 0.732). This suggests that the LSM is particularly

LSM (icPa) OIMEOILLOT © o5y PO effective for the diagnosis of liver fibrosis in the F 3 stage.
PLT (10°/L) — 0.00640.003 0.(99'4 " 21 0,032 While liver biopsies are currently the most commonly
(0.988 ~ 0.999) used test for the diagnosis of HBV-related fibrosis in chil-

Log,) HBsAg (IU/  — 0.682+0.258 0.505 0.008  dren, its invasiveness limits its use in repeat assessments
mL) (0.305 ~ 0.837) which are required for the dynamic monitoring of CHB

development and the effects of antiviral treatment [8, 9].

SE standard error, CI confidence interval, PLT platelet, LSM liver Recently, a pe diatric nonalcoholic steatohepatitis stu dy

stiffness measurement, HBsAg hepatitis B surface antigen
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Table 4 Improved performance of LPS for the identification of the F > 2 fibrosis stage

Fibrosis stage Cutoff YI  Se (%, 95% Sp (%, 95% PLR (95% CI) NLR (95% PPV (%,95% NPV (%,95% AUC (95% CI)
CI) CI) CI) CI) CI)
F>2 0.30 0.50 76.6 (67.6— 73.9 (58.9— 2.9 (1.84.8) 0.32(0.20- 87.6 (81.2— 56.7 (47.3— 0.792 (0.720-
84.1) 85.7) 0.50) 92.1) 65.6) 0.852)

LPS (LSM, PLT and Log;, HBsAg)=0.511xLSM — 0.006 X PLT — 0.682x Log,;, HBsAg+0.769, Se sensitivity, YI Youden index, Sp specific-
ity, PLR positive likelihood ratio, NLR negative likelihood ratio, PPV positive predictive values, NPV negative predictive values, AUC area under

receiver operating characteristics (ROC) curves, CI confidence interval

reported TE AUCs of 0.992 and 1 for fibrosis stages F>2
and F > 3, respectively; cut-off values for predicting the cor-
responding fibrosis stages were 7 kPa and 9 kPa, respectively
[14]. Another study found that the 8.6 kPa cutoff point could
be used to discriminate between stages FO-F2 and F3-F4 in
children and young adults with multiple causes of liver dis-
ease [11]. In our study, we found that the AUCs were 0.732
and 0.941, and the cut-off values were 5.6 kPa and 6.9 kPa
for fibrosis stages F>2 and F > 3, respectively. The discrep-
ancies between the findings of these studies may be due to
differences in the age of the participants at the time of enrol-
ment, as well as the causes of liver disease [19]. Consistent
with our findings, the study by Anna et al. reported LSM of
5.4 (95% CI 4.0, 7.1) kPa for the F2 stage in children with
CHC [20]. Moreover, a previous study demonstrated that the
LSM was able to adequately predict the liver fibrosis stage
in adult patients with CHB. The ROC curves were 0.81 for
FO-F1 vs. F2-F4, and 0.93 for FO-F2 vs. F3-F4 [21], which
are consistent with the results for children with CHB in our
study. However, the cut-off values in adult patients with
CHB were 7.2 kPa and 8.1 kPa for fibrosis stages F > 2 and
F > 3, respectively [21]; this difference of the cut-off values
between young children in our study and adult patients was
also affected by subject age. Overall, the present study is
the first to suggest that TE is a highly effective methodology
for identifying advanced fibrosis (F>3) in children (aged
0-6 years) with CHB. Moreover, TE is vital for outpatient
monitoring and clinical decision-making for children with
CHB and advanced fibrosis, similarly to adults [22].

We additionally found that the APRI and FIB-4 did not
provide additional advantages over the LSM for the discrimi-
nation of hepatic fibrosis stages F>2 and F> 3. In agreement
with some studies that have focused on adults with CHB [23,
241, we found that the APRI and FIB-4 were not suitable
for predicting HBV-related fibrosis stages of F>2 and F>3
in CHB children. These results suggest that TE, APRI, and
FIB-4 are suboptimal for the diagnosis of the F>2 stage.
Previous studies have reported correlations between HBV/
HCV-related fibrosis and the following factors: PLT count,
log,HBsAg, alkaline phosphatase, ALT, AST, BMI, and
inflammation [25-27]. Similarly, in our study, we found that
LSM, PLT, and Log,,HBsAg were independent factors asso-
ciated with the F > 2 fibrosis stage. This study is the first to

@ Springer

combine these three independent factors to generate a “LPS”
index and demonstrate an improvement in diagnostic accu-
racy for the F>2 fibrosis stage.

This study had several limitations. First, due to the low
incidence of HBV-related advanced fibrosis in children, the
number of patients with the F3-F4 fibrosis stage was small;
this limited our ability to validate the cutoff points for identi-
fying advanced fibrosis. Second, we only evaluated children
aged 0-6 years, and our study was performed at a single
center. Future studies should utilize larger sample sizes
across multiple centers, to validate the cutoff points deter-
mined in this study. Furthermore, the performance of TE
in the 7- to 18-year-old age group warrants consideration.

In conclusion, the LSM is a superior noninvasive index
for the detection of LSM rather than APRI and FIB-4 offer
excellent performance for children aged 0—6 years with
HBV-related advanced fibrosis, compared to the APRI and
FIB-4, in children aged 0-6 years in China. However, TE,
APRI, and FIB-4 are suboptimal for the diagnosis of the
F>2 fibrosis stage. The diagnosis of this stage can be sig-
nificantly enhanced by the combination of LSM, PLT, and
log,, HBsAg.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12072-021-10194-7.

Acknowledgement We thank the staff from the Department of liver
disease and Ming-yuan Ji from the National day school for assisting in
data collection. We also thank all of the patients for their participation
in this study.

Funding Supported by the Innovation Groups of the National Natural
Science Foundation of China (81721002), the National Key R&D Pro-
gram of China (2017YFA0105703), the Capital Clinical Application
Research Foundation (Z161100000516176), the Major National Sci-
ence and Technology Project (2018ZX10301-404), and National Key
R&D Program of China (2019YFC0840704).

Declarations

Conflict of interest Zhigiang Xu, Jinfang Zhao, Jiaye Liu, Yi Dong,
Fuchuan Wang, Jianguo Yan, Lili Cao, Pu Wang, Aiqin Li, Jing Li,
Shishu Zhu, Yanwei Zhong, Min Zhang, and Fu-Sheng Wang have no
conflicts of interest to disclose.


https://doi.org/10.1007/s12072-021-10194-7

Hepatology International (2021) 15:602-610

609

Ethical approval This study was approved by the ethics committees of
our hospital (NO. 2015151D) and fully complied with the Declaration
of Helsinki and the Guideline for Good Clinical Practice. This article
does not contain any studies with animals performed by any of the
authors.

Informed consent Informed consent was obtained from all subjects
who participated in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estima-
tions of worldwide prevalence of chronic hepatitis B virus infec-
tion: a systematic review of data published between 1965 and
2013. Lancet. 2015;386:1546-55.

2. Polaris OC. Global prevalence, treatment, and prevention of hepa-
titis B virus infection in 2016: a modelling study. Lancet Gastro-
enterol Hepatol. 2018;3:383—-403.

3. Bortolotti F, Guido M, Bartolacci S, Cadrobbi P, Crivellaro C,
Noventa F, et al. Chronic hepatitis B in children after e antigen
seroclearance: final report of a 29-year longitudinal study. Hepa-
tology. 2006;43:556-62.

4. lorio R, Giannattasio A, Cirillo F, D’Alessandro L, Vegnente A.
Long-term outcome in children with chronic hepatitis B: a 24-year
observation period. Clin Infect Dis. 2007;45:943-9.

5. Wen WH, Chang MH, Hsu HY, Ni YH, Chen HL. The devel-
opment of hepatocellular carcinoma among prospectively fol-
lowed children with chronic hepatitis B virus infection. J Pediatr.
2004;144:397-9.

6. Chang MH, Hsu HY, Hsu HC, Ni YH, Chen JS, Chen DS. The
significance of spontaneous hepatitis B e antigen seroconversion
in childhood: with special emphasis on the clearance of hepatitis
B e antigen before 3 years of age. Hepatology. 1995;22:1387-92.

7. Lavanchy D. Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control meas-
ures. J Viral Hepat. 2004;11:97-107.

8. Sokal EM, Paganelli M, Wirth S, Socha P, Vajro P, Lacaille F,
et al. Management of chronic hepatitis B in childhood: ESPGHAN
clinical practice guidelines: consensus of an expert panel on
behalf of the European Society of Pediatric Gastroenterology,
Hepatology and Nutrition. J Hepatol. 2013;59:814-29.

9. Dezsofi A, Baumann U, Dhawan A, Durmaz O, Fischler B,
Hadzic N, et al. Liver biopsy in children: position paper of the
ESPGHAN Hepatology Committee. J Pediatr Gastroenterol Nutr.
2015;60:408-20.

10. Indolfi G, Easterbrook P, Dusheiko G, Siberry G, Chang MH,
Thorne C, et al. Hepatitis B virus infection in children and ado-
lescents. Lancet Gastroenterol Hepatol. 2019;4:466-76.

11. Lee CK, Mitchell PD, Raza R, Harney S, Wiggins SM, Jonas MM.
Validation of transient elastography cut points to assess advanced

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

liver fibrosis in children and young adults: the boston children’s
hospital experience. J Pediatr. 2018;198(84-89):e82.

Sonneveld MJ, Brouwer WP, Chan HL, Piratvisuth T, Jia JD,
Zeuzem S, et al. Optimisation of the use of APRI and FIB-4 to rule
out cirrhosis in patients with chronic hepatitis B: results from the
SONIC-B study. Lancet Gastroenterol Hepatol. 2019;4:538—44.
Degos F, Perez P, Roche B, Mahmoudi A, Asselineau J, Voi-
tot H, et al. Diagnostic accuracy of FibroScan and comparison
to liver fibrosis biomarkers in chronic viral hepatitis: a multi-
center prospective study (the FIBROSTIC study). J Hepatol.
2010;53:1013-21.

Nobili V, Vizzutti F, Arena U, Abraldes JG, Marra F, Pietrobattista
A, et al. Accuracy and reproducibility of transient elastography for
the diagnosis of fibrosis in pediatric nonalcoholic steatohepatitis.
Hepatology. 2008;48:442-8.

Fitzpatrick E, Quaglia A, Vimalesvaran S, Basso MS, Dhawan A.
Transient elastography is a useful noninvasive tool for the evalu-
ation of fibrosis in paediatric chronic liver disease. J Pediatr Gas-
troenterol Nutr. 2013;56:72-6.

Awad Mel D, Shiha GE, Sallam FA, Mohamed A, El Tawab A.
Evaluation of liver stiffness measurement by fibroscan as com-
pared to liver biopsy for assessment of hepatic fibrosis in children
with chronic hepatitis C. J Egypt Soc Parasitol. 2013;43:805-19.
Chinese Society of Hepatology CMA, Chinese Society of Infec-
tious Diseases CMA, Hou JL, Lai W. The guideline of prevention
and treatment for chronic hepatitis B: a 2015 update. Zhonghua
Gan Zang Bing Za Zhi. 2015;23:888-905.

Corpechot C, El Naggar A, Poujol-Robert A, Ziol M, Wendum
D, Chazouilleres O, et al. Assessment of biliary fibrosis by tran-
sient elastography in patients with PBC and PSC. Hepatology.
2006;43:1118-24.

Lewindon PJ, Balouch F, Pereira TN, Puertolas-Lopez MV, Noble
C, Wixey JA, et al. Transient liver elastography in unsedated con-
trol children: Impact of age and intercurrent illness. J Paediatr
Child Health. 2016;52:637-42.

Turkova A, Volynets GV, Crichton S, Skvortsova TA, Panfilova
VN, Rogozina NV, et al. Advanced liver disease in Russian chil-
dren and adolescents with chronic hepatitis C. J Viral Hepat.
2019;26:881-92.

Marcellin P, Ziol M, Bedossa P, Douvin C, Poupon R, de Led-
inghen V, et al. Non-invasive assessment of liver fibrosis by stiff-
ness measurement in patients with chronic hepatitis B. Liver Int.
2009;29:242-17.

Verveer C, Zondervan PE, ten Kate FJ, Hansen BE, Janssen HL,
de Knegt RJ. Evaluation of transient elastography for fibrosis
assessment compared with large biopsies in chronic hepatitis B
and C. Liver Int. 2012;32(4):622-8.

Kim WR, Berg T, Asselah T, Flisiak R, Fung S, Gordon SC, et al.
Evaluation of APRI and FIB-4 scoring systems for non-invasive
assessment of hepatic fibrosis in chronic hepatitis B patients. J
Hepatol. 2016;64:773-80.

Tan YW, Zhou XB, Ye Y, He C, Ge GH. Diagnostic value of
FIB-4, aspartate aminotransferase-to-platelet ratio index and liver
stiffness measurement in hepatitis B virus-infected patients with
persistently normal alanine aminotransferase. World J Gastroen-
terol. 2017;23:5746-54.

Afdhal NH, Bacon BR, Patel K, Lawitz EJ, Gordon SC, Nel-
son DR, et al. Accuracy of fibroscan, compared with histology,
in analysis of liver fibrosis in patients with hepatitis B or C: a
United States multicenter study. Clin Gastroenterol Hepatol.
2015;13(772-779):e771-773.

Liang LB, Zhu X, Yan LB, Du LY, Liu C, Chen LY, et al. Serum
hepatitis B surface antigen titer and transient elastography in
screening for insignificant fibrosis in HBeAg-positive chronic
hepatitis B patients. Ther Clin Risk Manag. 2015;11:229-35.

@ Springer


http://creativecommons.org/licenses/by/4.0/

610

Hepatology International (2021) 15:602-610

27. Dong H, Xu C, Zhou W, Liao Y, Cao J, Li Z, et al. The combina-
tion of 5 serum markers compared to FibroScan to predict signifi-
cant liver fibrosis in patients with chronic hepatitis B virus. Clin
Chim Acta. 2018;483:145-50.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Assessment of liver fibrosis by transient elastography in young children with chronic hepatitis B virus infection
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Patient recruitment
	Clinical and laboratory parameters
	Liver histology and LSMs
	Statistical analysis

	Results
	Patient demographic and laboratory variables
	Noninvasive assessment indices for liver fibrosis and histological features
	Correlation between LSM, APRI and FIB-4 with activity grade and liver fibrosis stage
	Diagnostic value of the LSM, APRI, and FIB-4 for liver fibrosis stages
	Parameters independently associated with the F ≥ 2 fibrosis stage
	Combination of LSM, PLT, and Log10HBsAg for the determination of the F ≥ 2 liver fibrosis stage

	Discussion
	Acknowledgement 
	References




