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ABSTRACT

Liver stiffness measurement (LSM) frequently overestimates the severity of liver fibrosis because of steatosis.
However, the impact of the controlled attenuation parameter (CAP) on liver stiffness cutoff values remains
unknown; CAP was used to quantify and diagnose the severity of hepatic steatosis. The study was conducted to
determine the effect of CAP on liver stiffness cutoff values in chronic hepatitis B (CHB) patients. A retrospective
cross-sectional study was performed in liver biopsy-proven CHB patients. The median LSM (kPa) in the elevated
CAP group was higher than that in the normal CAP group at the same fibrosis stage. For $2-4, the area under
the receiver operating characteristic (AUROC) curve of LSM was 0.78 and 0.72 in the normal and elevated CAP
groups, respectively. When a cutoff value of 8.9 kPa was used, the diagnostic accuracy was 77.82% and 63.41%
in the normal and elevated CAP groups, respectively. Compared with the alanine transaminase (ALT)-based LSM
algorithm, the CAP-based LSM algorithm had a similar correct diagnosis rate (33.64% vs. 33.94%, respectively)
but a lower misdiagnosis rate (16.97% vs. 20.30%, respectively). The new CAP-based LSM diagnostic algorithm
will improve the diagnostic accuracy of liver fibrosis in CHB patients.

INTRODUCTION

Chronic hepatitis B (CHB) is a major cause of liver
cirrhosis and hepatocellular carcinoma (HCC) worldwide.
CHB accounts for 66% of deaths from chronic hepatitis
[1, 2]. The correct diagnosis of liver fibrosis and HCC is
one of the most important steps in the management and
treatment of CHB. Liver stiffness measurement (LSM) by
transient elastography (TE) is a noninvasive first-line tool
to assess liver fibrosis [3, 4]. LSM can be performed
quickly and easily in outpatients with chronic hepatitis B
infection [5]. However, LSM diagnostic outcomes could
be strongly influenced by many factors, including
inflammation [6] and steatosis. Therefore, alanine
transaminase (ALT) levels must be considered when

interpreting the cutoff values for LSM [7]. Different LSM
cutoff values based on different ALT levels have been
developed for the assessment of liver fibrosis in CHB
patents and are recommended by the European
Association for the Study of the Liver (EASL) [3].

However, the ALT-based LSM algorithm has several
limitations in its application. For example, LSM values
may be inaccurate due to large fluctuations during acute
hepatitis, ALT flares and the use of liver-protecting drugs
[8]. Therefore, we suggest that other significant factors
should be considered when interpreting LSM results.

In addition to liver inflammation, steatosis and liver
fibrosis are factors that affect LSM values. Controlled
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attenuation parameter (CAP) is an ultrasound-based
quantitative measurement used in conjunction with
LSM [9]. CAP is a reliable value used to quantify and
diagnose the severity of hepatic steatosis [10, 11]. A
higher CAP value is associated with a higher degree of
hepatic steatosis. Importantly, a considerable number of
CHB patients have metabolic syndrome and hepatic
steatosis [12, 13]. A recent study illustrated that in CHB
patients with moderate to severe liver steatosis, LSM
value was overestimated and affected the diagnosis of
significant fibrosis when CAP value was not less than
268 dB/m [14]. However, the effect of CAP on LSM
cutoff values is still unknown. In this study, we sought
to explore the effect of CAP on LSM cutoff values in
CHB patients and to develop an algorithm to improve
the diagnostic accuracy of LSM.

RESULTS
Patient characteristics

A total of 441 CHB patients who had a liver biopsy and
LSM for primary liver disease were recruited for this
study, and 330 CHB patients were ultimately enrolled in
the study (Figure 1).

The mean age was 36 years, with a predominance of
males (61.21%). Overall, 41.52% of the patients had
significant liver necroinflammation (G2-4), and 31.21%
of the patients had significant fibrosis (S2-4). The baseline
characteristics of the patients are shown in Table 1.

441 biopsy-proven CHB patients
with LSM and CAP measurement

Factors associated with CAP

CAP was significantly correlated with sex (r=-0.216, P
<0.001), ALT (r=0.232, P<0.001), aspartate
aminotransferase (AST) (r=0.151, P=0.006), glutamyl
transpeptidase (GGT) (r=0.384, P<0.001), alkaline
phosphatase (ALP) (r=0.207,P<0.001), total
cholesterol(TC) (r=0.125, P=0.024), liver fibrosis
(r=0.119, P=0.03), body mass index (BMI) (r=0.663, P
<0.001) and LSM (r=0.279, P <0.001), while there was
no correlation with age, total bilirubin(TB) or liver
necroinflammation (P>0.05 for all). Based on the
univariate linear regression analysis, sex (male), ALT,
GGT, ALP, BMI and LSM were all correlated with
CAP (P<0.05). However, only BMI was independently
significantly correlated with CAP (P<0.01) (Table 2) by
multivariate linear regression analysis.

Factors associated with LSM

The median LSM values were 6.63 (5.25-8.22) for SO,
6.67 (5.28-8.93) for S1, 9.32 (7.08-12.38) for S2,
10.66 (8.14-17.8) for S3 and 16.45 (7.88-21.24) for
S4. LSM was significantly correlated with ALT
(r=0.329, P<0.001), AST (r=0.292, P<0.001), GGT
(r=0.358, P<0.001), ALP (r=0.161, P=0.003), TB
(r=0.101, P=0.046), liver necroinflammation (r=0.337,
P<0.001), liver fibrosis (r=0.435, P<0.001), CAP
(r=0.279, P<0.001) and BMI (r=0.264, P<0.001); there
was no correlation with age, sex or total cholesterol
(P>0.05 for all).

Y

344 CHB patients with reliable
LSM and CAP values

Y

97 patients were excluded for:
>6 months between TE and biopsy (n=86)
Unreliable LSM measurement (n = 11)

.| Insufficient clinical data or uncomplete

330 CHB patients enrolled

14 patients with exclusion criteria:
Accompanied by other disease (n =8)

histology results (n = 4)
<18 years (n=1)
BMI>35 (n=1)

Figure 1. Flowchart of the study population selection.
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Table 1. Patient characteristics of chronic hepatitis B (n=330).

Variables

Values

Age (years)
Sex (male%)

36.0 (30.0, 44.0)
202 (61.2%)

ALT (IU/L) 37.0 (26.0, 64.3)
AST (U/L) 28.0 (22.0, 39.0)
GGT (U/L) 22.0(16.0, 37.0)
ALP (U/L) 75.9 (63.3, 95.4)
TB(WwL) 13.0 (9.8, 16.7)
Total cholesterol (mmol/L) 4.3(3.8,4.9)
BMI (kg/m?) 23.7+3.4
Liver stiffness (kPa) 7.4 (5.7,9.7)
CAP (dB/m) 224.1 (206.6, 247.9)
Grade of necroinflammation

GO 0 (0%)

Gl 193 (58.5%)
G2 105 (31.8%)
G3 32 (9.7%)
G4 0 (0.0%)
Stage of fibrosis

SO 118 (35.8%)
S1 109 (33.0%)
S2 59 (17.9%)
S3 27 (8.2%)
S4 17 (5.2%)

Data are expressed as the means + standard deviation or the medians (interquartile range, IQR). ALT: alanine
aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; ALP, alkaline phosphatase; TB, total
bilirubin; S: stage of fibrosis; BMI, body mass index; CAP, controlled attenuation parameter

Table 2. Univariate and multivariate linear regression of risk factors associated with controlled attenuated
parameter.

Univariate analysis Multivariate analysis

Variables B Standard error P-value B Standard error P-value
Age (years) 0.048 0.186 0.389

Sex -0.213 3.705 <0.001 -0.021 3.029 0.635

ALT (IU/L) 0.183 0.055 0.001 0.018 0.049 0.710

GGT (U/L) 0.281 0.052 <0.001 0.076 0.049 0.131

ALP (U/L) 0.172 0.072 0.002 0.036 0.058 0.409

TB (WL) -0.004 0.297 0.937

TC (mmol/L) 0.047 1.701 0.397

BMI (kg/m?) 0.663 0.407 <0.001 0.611 0.431 <0.001
Liver stiffness (kPa) 0.280 0.346 <0.001 0.077 0.297 0.091

ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase; ALP, alkaline phosphatase; TB, total bilirubin; BMI, body
mass index; TC, total cholesterol

Univariate and multivariate linear regression analyses
were performed to identify factors correlated with LSM
in the entire CHB cohort and in the fibrosis stage
subgroups of SO-1 and S2-4 (Table 3). LSM values
were significantly correlated with ALT (P<0.001) and
GGT (P=0.007) in the entire cohort. ALT (P=0.004) and
CAP (P=0.041) were significantly correlated with LSM
values in the S0-1 subgroup but not in the S2-4
subgroup.

Effect of CAP on LSM values

Because CAP was associated with LSM, the effect of
CAP on LSM values in the same stages of liver fibrosis
was evaluated. Based on the CAP value, the patients
were further classified into the normal CAP group (< 248
dB/m) and the elevated CAP group (> 248 dB/m). The
median LSM values were 6.42 and 8.41 kPa (P<0.001)
in CHB patients at stage SO; 6.50 kPa and 7.96 kPa
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Table 3. Univariate and multivariate linear regression of risk factors associated with liver stiffness measurement.

Univariate analysis

Multivariate analysis

Variables

i} Standard error P-value B Standard error P-value
Entire CHB Cohort (n=330)
Age (years) -0.124 0.577 0.024 0.070 0.026 0.169
Sex 0.058 0.028 0.295
ALT (IU/L) 0.353 0.008 <0.001 0.241 0.009 <0.001
GGT (U/L) 0.346 0.008 <0.001 0.161 0.009 0.007
ALP (U/L) 0.171 0.011 0.002 0.041 0.011 0.430
TB (WL) 0.088 0.045 0.112
TC(mmol/L) -0.009 0.261 0.875
BMI (kg/m? 0.264 0.081 <0.001 0.097 0.101 0.147
CAP (dB/m) 0.28 0.008 <0.001 0.116 0.010 0.085
S0-1 CHB (n=227)
Age (years) 0.036 0.022 0.590
Sex 0.005 0.426 0.937
ALT (IU/L) 0.299 0.008 <0.001 0.209 0.008 0.004
GGT (U/L) 0.247 0.008 <0.001 0.059 0.009 0.417
ALP (U/L) 0.055 0.009 0.412
TB (WL) 0.053 0.032 0.430
TC (mmol/L) 0.064 0.188 0.337
BMI (kg/m?) 0.274 0.060 <0.001 0.103 0.079 0.227
CAP (dB/m) 0.323 0.006 <0.001 0.179 0.008 0.041
S2-4 CHB (n=103)
Age (years) -0.003 0.066 0.979
Sex -0.229 1.391 0.020 -0.140 1.393 0.152
ALT (IU/L) 0.289 0.015 0.003 0.203 0.016 0.050
GGT (U/L) 0.288 0.014 0.003 0.119 0.016 0.267
ALP (U/L) 0.095 0.026 0.338
TB (WL) 0.084 0.119 0.398
TC (mmol/L) -0.057 0.656 0.569
BMI (kg/m?) 0.277 0.191 0.005 0.140 0.239 0.246
CAP (dB/m) 0.217 0.019 0.028 0.092 0.023 0.436

ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase; ALP, alkaline phosphatase; TB, total bilirubin; BMI, body
mass index; CAP, controlled attenuation parameter; TC, total cholesterol

(P=0.02) in CHB patients at stage S1; 9.32 kPa and 9.28
kPa (P=0.29) in CHB patients at stage S2; 10.66 kPa
and 13.38 kPa (P=0.51) in CHB patients at stage S3;
and 10.26 kPa and 19.11 kPa (P=0.20) in CHB patients
at stage S4 (Figure 2). Higher LSM values were
correlated with higher CAP values, especially in lower-
stage patients (S0-1). This finding suggested that the
LSM values could be overestimated in CHB patients
with higher CAP values.

Effect of CAP on LSM diagnostic performance

The study further evaluated the effect of CAP on LSM
diagnostic performance. In the entire CHB cohort, the
area under the receiver operating characteristic
(AUROC) curve of LSM for the diagnosis of S2-4 was
0.77 (0.72-0.83). Using the Youden Index of transient
elastography at 8.9 kPa, the sensitivity and specificity

were 64.08% and 79.30%, respectively. For S3-4, the
AUROC of LSM was 0.77 (0.69-0.85). Using the
Youden Index of transient elastography at 10.1 kPa, the
sensitivity and specificity were 61.36% and 82.87%,
respectively (Table 4, upper).

When considering the effect of CAP, the AUROC of
LSM for the diagnosis of S2-4 was 0.78 (0.71-0.85) in
the normal CAP group and 0.72 (0.61-0.84) in the
elevated CAP group. When a cutoff value of 8.9 kPa
was used, the sensitivity and specificity of LSM were
61.64% and 84.57% in the normal CAP group and 70%
and 59.62% in the elevated CAP group, respectively.
The diagnostic accuracy was 77.82% in the normal
CAP group and 63.41% in the elevated CAP group. For
the diagnosis of S3-4, the AUROC of LSM was 0.77
(0.68-0.87) in the normal CAP group and 0.80 (0.66-
0.94) in the elevated CAP group. When a cutoff value
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of 10.1 kPa was used, the sensitivity and specificity of
LSM were 58.82% and 87.38% in the normal CAP
group and 70% and 69.44% in the elevated CAP group,
respectively. The diagnostic accuracy was 83.47% in
the normal CAP group and 69.51% in the elevated CAP
group. In summary, patients with normal CAP values
had a higher diagnostic accuracy than patients with
elevated CAP values. CAP influenced the LSM
diagnostic performance.

Optimal cutoff values of LSM based on different
CAP values

The Youden Index and at least 90% sensitivity and 90%
specificity were used as the optimal cutoff values for
LSM to evaluate the liver fibrosis stage [15]. The values
for the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and diagnostic
accuracy (DA) are listed in Table 4. In the normal CAP
group, for S>S1, the cutoff values ranged from 4.5-9.0
kPa; for S>S2, the cutoff values ranged from 5.5-9.5
kPa; for S>S3, the cutoff values ranged from 5.9-10.9
kPa; and for S=S4, the cutoff values ranged from 6.0-
12.1 kPa. In the elevated CAP group, for S>S1, the
cutoff values ranged from 5.7-14.8 kPa; for S>S2, the
cutoff values ranged from 8.0-12.6 kPa; for S>S3, the
cutoff values ranged from 8.3-19.0 kPa; and for S=S4,
the cutoff values ranged from 16.4-20 kPa.

Diagnostic flowchart using LSM accounting for CAP

Based on the results of the above analysis, we
developed a liver fibrosis diagnostic flowchart using the
LSM and CAP. For patients with normal CAP values,
an LSM of <5.5 kPa was defined as no significant
fibrosis (no or mild fibrosis), an LSM of 5.5-9.5 kPa
was defined as a gray area, and an LSM of > 9.5 kPa

40+

LSM(Kpa)
b L
i i

=
<

was defined as severe fibrosis or cirrhosis. For patients
with elevated CAP values, an LSM of <8 kPa was
defined as no or mild fibrosis, an LSM of 8.0-14.8 kPa
was defined as a gray area, and an LSM of >14.8 kPa
was defined as severe fibrosis or cirrhosis (Figure 3).

Comparison of diagnostic performance using LSM,
CAP or ALT level

The ALT-based LSM algorithm was recommended to
diagnose or exclude severe liver fibrosis using LSM [5].
In the study, 179 patients had normal ALT levels, and
151 patients had elevated ALT levels. Based on the
ALT-based LSM algorithm, in the normal ALT group,
64 patients had no or mild fibrosis (LSM<6 kPa), 74
patients had an uncertain diagnosis (6<LSM<9 kPa),
and 41 patients had severe fibrosis or cirrhosis (LSM>9
kPa) in the normal ALT group. In the elevated ALT
group, 35 patients had no or mild fibrosis (LSM<6 kPa),
77 patients had an uncertain diagnosis (6<LSM<12
kPa), and 39 patients had severe fibrosis or cirrhosis
(LSM>12 kPa). In the normal ALT group, 68 (37.99%)
patients had no significant fibrosis or a correct diagnosis
of severe liver fibrosis/cirrhosis, 74 (41.34%) patients
had an ambiguous diagnosis, and 37 (20.67%) patients
were misdiagnosed. In the elevated ALT group, 44
(29.14%) patients had no significant fibrosis or a correct
diagnosis of severe liver fibrosis/cirrhosis, 77 (50.99%)
patients had an ambiguous diagnosis, and 30 (19.87%)
patients were misdiagnosed.

Based on the CAP-based LSM algorithm, 248 patients
had a normal CAP value, and 82 patients had an elevated
CAP value in the study. Based on the CAP algorithm,
the normal CAP group included 66 patients with no or
mild fibrosis (LSM<5.5 kPa), 126 patients with an
uncertain diagnosis (5.5<LSM<9.5 kPa) and 56 patients

J Normal CAP

[ Elevated CAP

b

Fibrosis stage

Figure 2. LSM values in normal and elevated CAP groups according to fibrosis stage.
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Table 4. Different optimal cutoff values for different fibrosis stage in different CAP groups.

Fibrosis AUROC Parameter  Cutoff Sensitivity Specificity PPV~ NPV  Diagnostic LR LR
stage (95%Cl) (KPa) (%) (%) (%) (%) accuracy  (+) -)
(%)

All cases
Sn 4.7 90.09 16.95 66.09  48.77 63.94 1.08 0.58
S1 0.65 Sp 10.1 30.66 90.68 85.53 42.13 52.12 329 0.76
(0.60-0.71)  Youden Index 8.6 48.11 81.36 82.26  46.60 59.70 2.58 0.64
Sn 5.8 90.29 33.04 37.96 88.24 50.91 1.35 0.29
S2 0.77 Sp 10.6 43.69 90.31 67.17 77.95 75.76 451 0.62
(0.72-0.83)  Youden Index 8.9 64.08 79.30 58.41 82.95 74.55 3.09 0.45
Sn 6.0 90.91 32.17 17.09 95.84 39.70 1.34 0.28
S3 0.77 Sp 12.1 50.00 90.21 4399 92.15 84.85 511 0.55
(0.69-0.85)  Youden Index  10.1 61.36 82.87 35,52 9331 86.67 3.58 0.47
Sn 6.0 94.12 29.71 6.78 98.94 33.03 1.34 0.20
S4 0.79 Sp 12.9 52.94 90.10 2250 97.24 88.18 5.35 0.52
(0.67-0.91)  Youden Index  10.1 70.59 79.55 15.78  98.03 79.09 3.45 0.37

CAP<248
S1 0.66 Sn 4.5 90.32 15.05 63.93 48.26 62.10 1.06 0.64
(0.59-0.73) Sp 9.0 40.00 90.32 87.32 47.46 58.87 413 0.66
Youden Index 8.6 43.23 89.25 87.02 4854 60.48 4.02 0.64
S2 0.78 Sn 5.5 90.41 34.29 36.47  89.55 50.81 1.38 0.28
(0.71-0.85) Sp 9.5 53.42 90.29 69.65 82.29 79.44 550 0.52
Youden Index 8.9 61.64 84.57 62.50 84.09 77.82 4.00 045
S3 0.77 Sn 5.9 91.18 35.51 18.34  96.20 43.15 141 0.25
(0.68-0.87) Sp 10.9 47.06 90.19 43.25 91.47 84.27 480 0.59
Youden Index  10.1 58.82 87.38 4255 93.03 83.47 4.66 047
S4 0.76 Sn 6.0 92.31 34.47 7.23  98.78 37.10 141 0.22
(0.63-0.90) Sp 12.1 46.15 90.21 20.68 96.80 87.90 472 0.60
Youden Index  10.1 61.54 83.40 17.01 9751 82.26 3.71 0.46

CAP>248
S1 0.58 Sn 5.7 91.23 20.00 72.22 50.01 69.51 1.14 0.44
(0.45-0.71) Sp 12.6 29.82 92.00 89.47 36.51 48.78 3.73 0.76
Youden Index  14.8 26.32 96.00 93.75  36.37 30.49 6.58 0.77
S2 0.72 Sn 8.0 90.00 48.08 50.01 89.28 63.41 1.73 0.21
(0.61-0.84) Sp 12.6 46.67 90.38 73.68  74.60 74.39 485 0.59
Youden Index 8.0 90.00 48.08 50.01 89.28 63.41 1.73 0.21
S3 0.80 Sn 8.3 90.00 43.06 18.01 96.87 48.78 1.58 0.23
(0.66-0.94) Sp 19.0 30.00 90.28 30.01 90.27 82.93 3.09 0.78
Youden Index  16.4 70.00 88.89 46.68 95.52 86.59 6.30 0.34
S4 0.91 Sn 16.4 100.00 85.90 26.68 100.00 86.59 7.09 0.00
(0.84-0.98) Sp 20.0 50.00 91.03 2224 97.26 89.02 5.57 0.55
Youden Index  16.4 100.00 85.90 26.68 100.00 86.59 7.09 0.00
with severe fibrosis or cirrhosis (LSM>9.5 kPa). The fibrosis/cirrhosis, 37 (45.12%) patients had an

elevated CAP group included 29 patients with no or
mild fibrosis (LSM<8 KkPa), 37 patients with an
uncertain diagnosis (8.0<LSM<14.8 kPa) and 16
patients with severe fibrosis or cirrhosis (LSM>14.8
kPa). We found that 79 (31.85%) patients had no
significant fibrosis or a correct diagnosis of severe liver
fibrosis/cirrhosis, 126 (50.81%) patients had an
ambiguous diagnosis, and 43 (17.34%) patients had a
misdiagnosis in the normal CAP group. In the elevated
CAP group, 32 (39.02%) patients had no significant
fibrosis or a correct diagnosis of severe liver

ambiguous diagnosis, and 13 (15.85%) patients had a
misdiagnosis in the elevated CAP group (Figure 4).

By comparing the diagnostic performance between the
CAP-based LSM algorithm and the ALT-based LSM
algorithm, we found that 112 (33.94%) patients had no
significant fibrosis or a correct diagnosis of severe liver
fibrosis/cirrhosis, 151 (45.76%) patients had an
ambiguous diagnosis, and 67 (20.30%) patients had a
misdiagnosis based on the ALT algorithm. However,
based on the CAP algorithm, we found that 111
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(33.64%) patients had no significant fibrosis or a correct
diagnosis of severe liver fibrosis/cirrhosis, 163
(49.39%) patients had an ambiguous diagnosis, and 56
(16.97%) patients had a misdiagnosis. In this study, we
found that the CAP-based LSM algorithm had a similar
correct diagnosis rate and a lower misdiagnosis rate
than the ALT-based LSM algorithm (Figure 4).

DISCUSSION

In this study, 330 liver biopsy and transient
elastography-proven CHB patients were enrolled. We
found that CAP influenced the liver fibrosis stage,
especially the lower fibrosis stages (S0-1). Importantly,
the study showed that the LSM values were
overestimated when assessing liver fibrosis in CHB
patients with higher CAP values. The AUROC and
diagnostic accuracy of LSM for liver fibrosis in the
normal CAP group was higher than those in the
evaluated CAP group. We therefore developed new
liver stiffness cutoff values and an algorithm using LSM
in the normal and elevated CAP groups. The new CAP-
based algorithm has better diagnostic performance than
the ALT-based algorithm.

Transient elastography has been widely applied
routinely in clinical diagnosis because it is noninvasive
and convenient to use. Patients with a higher fibrosis
stage have higher LSM values. However, many factors
other than liver fibrosis, such as inflammation and

steatosis, may affect the LSM [16]. In most previous
studies, steatosis was evaluated by semiquantitative
scoring systems according to the percentage of affected
hepatocytes by differing criteria [17, 18]. Those
methods may produce a sampling error that could
influence the results. Therefore, the CAP value, a new
guantitative detection of hepatic steatosis, was used in
the study. We found that CAP value is significantly
correlated with LSM and liver fibrosis stage, especially
the lower fibrosis stage (SO-1). Our findings are
consistent with the report that CAP value is
significantly correlated with a lower stage of fibrosis in
NAFLD patients [19].

Because the CAP is significantly correlated with
fibrosis stage, the study also evaluated the effect of
CAP on LSM values at the same stages of liver fibrosis.
We found that patients with higher CAP values had
higher LSM values. This result demonstrated that the
use of LSM could result in the overestimation of the
liver fibrosis stage in some CHB patients with higher
CAP values. To further examine the effect of CAP on
LSM, the AUROCs, sensitivity, specificity, PPV, NPV
and DA were further calculated in patients with
different CAP values. The tests showed a higher DA for
the CHB patients with normal CAP values than for the
patients with elevated CAP values. Therefore, CAP also
influenced the LSM diagnostic performance in CHB
patients. These findings were consistent with the data
from previously published reports [10, 20].

Measurement of liver stiffness (TE)

Y
Normal CAP Elevated CAP
h 4 A4 h 4 ) 4 v ¥
<5.5kpa 5.5-9.5kpa >9.5kpa <8kpa 8-14.8kpa >14.8kpa
A A Y A 4 v A 4 v
No significant Grey area Severe fibrosis No significant Grey area Severe fibrosis

fibrosis

Cirrhosis

fibrosis

Cirrhosis

Figure 3. Diagnostic flowchart for diagnosis and exclusion liver fibrosis in chronic hepatitis B virus infection based on LSM

and CAP values.
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The TE results and optimal cutoff values varied from
different cohorts and laboratories. Therefore, it is
difficult to unify the optimal cutoff values [21]. In this
study, we applied several optimal cutoff values of LSM
in different stages of liver fibrosis in several CAP
groups. We found that a higher fibrosis stage is
associated with increased cutoff values. Several optimal
cutoff values, with a higher sensitivity, specificity or
Youden Index, may provide the highest rate of correct
diagnoses in patients at various liver fibrosis stages. We
found that higher LSM cutoff values were associated
with higher CAP values.

We propose a diagnostic algorithm flowchart using
LSM and CAP. The CAP value-based LSM diagnostic
flowchart provides a similar accuracy rate regarding
patients with no significant fibrosis or a correct
diagnosis of severe liver fibrosis/cirrhosis and a lower
rate of misdiagnosis than the ALT-based algorithm. The
diagnostic flowchart using LSM and CAP values
increases the DA for patients with severe liver fibrosis
or cirrhosis compared to that using the LSM and ALT
values. In addition, the CAP value-based diagnostic
flowchart has several other advantages. First, our results
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showed that only BMI was independently significantly
correlated with CAP, which was consistent with the
results published in other studies [19, 22, 23]. This
could suggest that CAP is less affected by other factors
and thus could be a stable indicator of liver fibrosis.
Second, both CAP and LSM are routine clinical
markers tested by the same machine. The CAP value-
based diagnostic flowchart is an economic and
convenient addition to the clinical diagnostic process.
Third, to the best of our knowledge, this is the first
study to model the LSM cutoff values based on CAP.
Importantly, the CAP-based LSM algorithm can be used
in CHB patients who had large fluctuations during acute
hepatitis, ALT flares and the use of liver-protecting
drugs.

However, this study has some limitations. First, all
patients were from a single institute, and this was a
retrospective analysis. Larger multicenter studies and
long-term clinical trials are necessary to confirm the
findings of the present study. Second, this study
enrolled only CHB patients with ALT<200 U/L. We
need to include CHB patients with ALT>200 U/L in a
follow-up study.
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Figure 4. The comparison of diagnostic performance between the ALT-based LSM algorithm and CAP-based LSM algorithm.
The comparison of diagnostic accuracy (A) and diagnosis error rate (B) in different subgroups. The comparison of diagnostic accuracy (C) and
diagnostic error rate (D) of the ALT-based LSM algorithm and CAP-based LSM algorithm.
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In conclusion, the CAP value was found to be
significantly correlated with LSM in CHB patients,
especially in those at lower liver fibrosis stages. The
diagnostic flowchart with the combination of CAP and
LSM wvalues is a more accurate, economic and
convenient tool that can be used in the diagnosis of
severe liver fibrosis or cirrhosis in CHB patients. Our
findings provide a more flexible and accurate means of
obtaining clinical diagnoses.

MATERIALS AND METHODS
Patients

CHB patients who underwent liver biopsy and transient
elastography from January 2015 to August 2018 at
Shengjing Hospital affiliated with China Medical
University were enrolled in the study.

The enrolled CHB patients were positive for hepatitis B
surface antigen (HBsAg) and HBV DNA for >6 months
with persistently or intermittently abnormal ALT levels
(> 40 1U/L). The exclusion criteria were as follows: (1)
age less than 18 years; (2) other causes of liver disease;
(3) other comorbid diseases (tumors, hematological
diseases or human immunodeficiency virus infection); (4)
significant alcohol consumption (> 20 g/d for women and
> 30 g/d for men) for more than 5 years; (5) insufficient
clinical data; and (6) serum ALT levels more than 5 times
the upper limit of normal (UNL) (>200 U/L).

Ethics approval and consent

The study was approved by the Medical Ethics
Committee of Shengjing Hospital of China Medical
University (2018PS544K). All procedures in studies
involving human participants were performed in
accordance with the ethical standards of the institutional
and/or national research committee and the 1975
Declaration of Helsinki and its later amendments or
comparable ethical standards. Written informed consent
was waived as this was a retrospective study using de-
identified and aggregate data for analysis.

Transient elastography

LSM and CAP were measured using transient
elastography following the manufacturer’s instructions
and were performed by trained and experienced operators.
LSM value was defined as a valid measurement of at least
10 shots. LSM value was defined as unreliable with less
than 10 wvalid shots, a success rate <60% and/or an
interquartile range/median value (IQR/M) >30% of the
measurement [24]. All enrolled patients underwent LSM
within 6 months before liver biopsy. Hepatic steatosis was
defined as more than 248 dB/m [25].

Liver biopsy

Liver tissues were obtained by an experienced physician
with strict adherence to the liver biopsy protocol. A
liver sample was considered adequate if it was longer
than 15 mm and contained six portal tracts or more. The
specimens were fixed in formalin, processed for routine
histopathological analysis, and reviewed by two
experienced pathologists who were unaware of the
patient’s clinical information.

The histopathological evaluation was performed by two
trained and experienced pathologists who were blinded to
the patient’s clinical data and transient -elastography
results. In case of disagreement, they reviewed the slides
together to reach consensus. Liver fibrosis stage was
classified from 0 to 4 according to Scheuer’s classification
(for staging fibrosis: SO = fibrosis was absent, S1 = portal
fibrosis without septa, S2 = portal fibrosis with few septa,
S3 = severe fibrosis, and S4 = cirrhosis; significant fibrosis
was defined as stage S2-4, advanced fibrosis as S3-4, and
cirrhosis as S4). Liver necroinflammation grade was
classified from 0 to 4 according to Scheuer’s classification
(for necroinflammation: GO = no or minimal portal
inflammation, G1 = portal inflammation, lobular
inflammation without necrosis, G2 = mild piecemeal
portal necrosis, focal lobular necrosis or acidophil bodies,
G3 = moderate piece meal portal necrosis, severe local
lobular cell damage, and G4 = severe piecemeal portal
necrosis, damage includes bridging necrosis) [26].

Clinical and laboratory data

Clinical data including age, sex, weight, height,
dyslipidemia and alcohol consumption were recorded
for all included patients. The day before liver biopsy, a
12-hour overnight fasting blood sample was collected to
detect the levels of ALT, AST, ALP, GGT,
triglycerides, TB, and total lipoprotein cholesterol.
Serum HBsAg and hepatitis B e-antigen (HBeAg) were
detected by microparticle enzyme immunoassay, and
HBV DNA was measured using a TagMan polymerase
chain reaction assay.

Statistical analysis

The results analysis was performed using SPSS, version
22.0 (SPSS Inc., Chicago, IL, United States). Data are
reported as the medians (interquartile range, IQR) for
continuous and nonnormally distributed variables and as
frequencies or percentages for categorical variables.
Spearman’s or Pearson’s correlation analysis was
performed to analyze the relationship between CAP or
LSM and clinical data. Data were compared between
two groups of continuous variables using the Mann-
Whitney U test. The diagnostic performance of transient
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elastography for the diagnosis of different stages of
fibrosis was described by the AUROC, 95% confidence
intervals (95%CIs), sensitivity (Sn), specificity (Sp),
PPV, NPV and DA. A two-sided P < 0.05 was
considered to indicate statistical significance.

AUTHOR CONTRIBUTIONS

Xiaoguang Dou (XD) is the guarantor of the article and
accepts responsibility for the integrity of the work, from
inception to the published article. XD and Yaoxin Fan
(YF) designed the study; YF, Lin Wang (LW), Yang
Ding (YD) and Qiuju Sheng (QS) collected the clinical
and laboratory data. YF, LW, YD and Chong Zhang
(CZ) performed the analysis and interpretation of data.
YF and LW drafted the manuscript. YD, QS, CZ, XD,
Yanwei Li and Chao Han reviewed the manuscript.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
FUNDING

This project is supported by “Thirteenth Five-Year
Plan” Major National Science and Technology Major
Project (No. 2017Z2X10201201, 2017ZX10202202);
Liaoning Provincial Local Professional Technology
Innovation  Platform  Construction  Project (No.
2016007013); Liaoning Provincial Natural Science
Foundation (No. 2014021007); and Outstanding
Scientific Fund of Shengjing Hospital (No. 201102).

Editorial note

&This author has a verified history of publications using
this personal email address for correspondence.

REFERENCES

1. Hutin Y, Nasrullah M, Easterbrook P, Nguimfack BD,
Burrone E, Averhoff F, Bulterys M. Access to treatment
for hepatitis B virus infection - worldwide, 2016.
MMWR Morb Mortal Wkly Rep. 2018; 67:773-77.
https://doi.org/10.15585/mmwr.mm6728a2
PMID:30025413

2. WHO. Global hepatitis report. Geneva: World Health
Organization. 2017.

3. European Association for Study of Liver, and Asociacion
Latinoamericana para el Estudio del Higado. EASL-ALEH
clinical practice guidelines: non-invasive tests for
evaluation of liver disease severity and prognosis. J
Hepatol. 2015; 63:237-64.
https://doi.org/10.1016/j.jhep.2015.04.006
PMID:25911335

10.

11.

12.

Singh S, Muir AJ, Dieterich DT, Falck-Ytter YT. American
gastroenterological association institute technical
review on the role of elastography in chronic liver
diseases. Gastroenterology. 2017; 152:1544-77.
https://doi.org/10.1053/j.gastro.2017.03.016
PMID:28442120

Seto WK, Lo YR, Pawlotsky JM, Yuen MF. Chronic
hepatitis B virus infection. Lancet. 2018; 392:2313-24.
https://doi.org/10.1016/S0140-6736(18)31865-8
PMID:30496122

Raizner A, Shillingford N, Mitchell PD, Harney S, Raza R,
Serino J, Jonas MM, Lee CK. Hepatic inflammation may
influence liver stiffness measurements by transient
elastography in children and young adults. J Pediatr
Gastroenterol Nutr. 2017; 64:512-17.
https://doi.org/10.1097/MPG.0000000000001376
PMID:27540711

Moreno C, Mueller S, Szabo G. Non-invasive diagnosis
and biomarkers in alcohol-related liver disease. J
Hepatol. 2019; 70:273-83.
https://doi.org/10.1016/j.jhep.2018.11.025
PMID:30658728

Spradling PR, Bulkow L, Teshale EH, Negus S,
Homan C, Simons B, McMahon BJ. Prevalence and
causes of elevated serum aminotransferase levels
in a population-based cohort of persons with
chronic hepatitis B virus infection. J Hepatol. 2014;
61:785-91.
https://doi.org/10.1016/j.jhep.2014.05.045
PMID:24911461

Sasso M, Beaugrand M, de Ledinghen V, Douvin C,
Marcellin P, Poupon R, Sandrin L, Miette V. Controlled
attenuation parameter (CAP): a novel VCTE™ guided
ultrasonic attenuation measurement for the evaluation
of hepatic steatosis: preliminary study and validation in
a cohort of patients with chronic liver disease from
various causes. Ultrasound Med Biol. 2010; 36:1825-35.
https://doi.org/10.1016/]j.ultrasmedbio.2010.07.005
PMID:20870345

Berzigotti A. Getting closer to a point-of-care
diagnostic assessment in patients with chronic liver
disease: controlled attenuation parameter for
steatosis. J Hepatol. 2014; 60:910-12.
https://doi.org/10.1016/j.jhep.2014.01.017
PMID:24486330

Liu K, Wong VW, Lau K, Liu SD, Tse YK, Yip TC, Kwok R,
Chan AY, Chan HL, Wong GL. Prognostic value of
controlled attenuation parameter by transient
elastography. Am J Gastroenterol. 2017; 112:1812-23.

https://doi.org/10.1038/ajg.2017.389

PMID:29087391

Cheng JY, Wong VW, Tse YK, Chim AM, Chan HL,
Wong GL. Metabolic syndrome increases

WWW.aging-us.com

16081

AGING


https://doi.org/10.15585/mmwr.mm6728a2
https://pubmed.ncbi.nlm.nih.gov/30025413
https://doi.org/10.1016/j.jhep.2015.04.006
https://pubmed.ncbi.nlm.nih.gov/25911335
https://doi.org/10.1053/j.gastro.2017.03.016
https://pubmed.ncbi.nlm.nih.gov/28442120
https://doi.org/10.1016/S0140-6736(18)31865-8
https://pubmed.ncbi.nlm.nih.gov/30496122
https://doi.org/10.1097/MPG.0000000000001376
https://pubmed.ncbi.nlm.nih.gov/27540711
https://doi.org/10.1016/j.jhep.2018.11.025
https://pubmed.ncbi.nlm.nih.gov/30658728
https://doi.org/10.1016/j.jhep.2014.05.045
https://pubmed.ncbi.nlm.nih.gov/24911461
https://doi.org/10.1016/j.ultrasmedbio.2010.07.005
https://pubmed.ncbi.nlm.nih.gov/20870345
https://doi.org/10.1016/j.jhep.2014.01.017
https://pubmed.ncbi.nlm.nih.gov/24486330
https://doi.org/10.1038/ajg.2017.389
https://pubmed.ncbi.nlm.nih.gov/29087391

13.

14.

15.

16.

17.

18.

cardiovascular events but not hepatic events and
death in patients with chronic hepatitis B.
Hepatology. 2016; 64:1507-17.
https://doi.org/10.1002/hep.28778

PMID:27680510

Wong GL, Chan HL, Yu Z, Chan AW, Choi PC, Chim AM,
Chan HY, Tse CH, Wong VW. Coincidental metabolic
syndrome increases the risk of liver fibrosis
progression in patients with chronic hepatitis b—a
prospective cohort study with paired transient
elastography examinations. Aliment Pharmacol Ther.
2014; 39:883-93.

https://doi.org/10.1111/apt.12658

PMID:24612251

Shen F, Mi YQ, Xu L, Liu YG, Wang XY, Pan Q, Zhang RN,
Hu XQ, Xu LM, Fan JG. Moderate to severe hepatic
steatosis leads to overestimation of liver stiffness
measurement in chronic hepatitis B patients without
significant fibrosis. Aliment Pharmacol Ther. 2019;
50:93-102.

https://doi.org/10.1111/apt. 15298

PMID:31094016

Chan HL, Wong GL, Choi PC, Chan AW, Chim AM, Yiu KK,
Chan FK, Sung JJ, Wong VW. Alanine aminotransferase-
based algorithms of liver stiffness measurement by
transient elastography (fibroscan) for liver fibrosis in
chronic hepatitis B. J Viral Hepat. 2009; 16:36—44.
https://doi.org/10.1111/j.1365-2893.2008.01037.x
PMID:18673426

Petta S, Maida M, Macaluso FS, Di Marco V, Camma C,
Cabibi D, Craxi A. The severity of steatosis influences
liver stiffness measurement in patients with
nonalcoholic fatty liver disease. Hepatology. 2015;
62:1101-10.

https://doi.org/10.1002/hep.27844 PMID:25991038

Sanchez-Conde M, Montes Ramirez ML, Bellén Cano
JM, Caminoa A, Alvarez Rodriguez F, Gonzalez Garcia J,
Miralles Martin P, Bernardino de la Serna |, Bernardo
de Quirds JC, Arribas Lopez JR, Cosin Ochaita J, Pascual
Pareja JF, Alvarez E, Berenguer JB. Impact of liver
steatosis on the correlation between liver stiffness and
fibrosis measured by transient elastography in patients
coinfected with human immunodeficiency virus and
hepatitis C virus. J Viral Hepat. 2011; 18:e278-83.
https://doi.org/10.1111/j.1365-2893.2010.01407.x
PMID:21129129

Gaia S, Carenzi S, Barilli AL, Bugianesi E, Smedile A,
Brunello F, Marzano A, Rizzetto M. Reliability of
transient elastography for the detection of fibrosis in
non-alcoholic fatty liver disease and chronic viral
hepatitis. J Hepatol. 2011; 54:64—71.
https://doi.org/10.1016/j.jhep.2010.06.022
PMID:20932598

19.

20.

21.

22.

23.

24,

25.

26.

Petta S, Wong VW, Camma C, Hiriart JB, Wong GL,
Marra F, Vergniol J, Chan AW, Di Marco V, Merrouche
W, Chan HL, Barbara M, Le-Bail B, et al. Improved
noninvasive prediction of liver fibrosis by liver stiffness
measurement in patients with nonalcoholic fatty liver
disease accounting for controlled attenuation
parameter values. Hepatology. 2017; 65:1145-55.
https://doi.org/10.1002/hep.28843

PMID:27639088

Cai YJ, Dong JJ, Wang XD, Huang SS, Chen RC, Chen Y,
Wang YQ, Song M, Chen YP, Li Z, Zhou MT, Shi KQ. A
diagnostic algorithm for assessment of liver fibrosis by
liver stiffness measurement in patients with chronic
hepatitis B. J Viral Hepat. 2017; 24:1005-15.
https://doi.org/10.1111/jvh.12715 PMID:28419755

Kemp W, Levy M, Weltman M, Lubel J, and Australian
Liver Association (ALA). Australian liver association
(ALA) expert consensus recommendations for the use
of transient elastography in chronic viral hepatitis. J
Gastroenterol Hepatol. 2015; 30:453-62.
https://doi.org/10.1111/ijgh.12865

PMID:25532416

Cardoso AC, Perez RM, de Figueiredo-Mendes C,
Carvalho Leite N, Moraes-Coelho HS, Villela-Nogueira
CA. Prevalence and predictive factors of
moderate/severe liver steatosis in chronic hepatitis C
(CHC) infected patients evaluated with controlled
attenuation parameter (CAP). J Viral Hepat. 2018;
25:1244-50.

https://doi.org/10.1111/jvh.12930

PMID:29768686

Ferraioli G, Tinelli C, Lissandrin R, Zicchetti M, Dal Bello
B, Filice G, Filice C. Controlled attenuation parameter
for evaluating liver steatosis in chronic viral hepatitis.
World J Gastroenterol. 2014; 20:6626—31.
https://doi.org/10.3748/wjg.v20.i21.6626
PMID:24914387

Castéra L, Foucher J, Bernard PH, Carvalho F, Allaix D,
Merrouche W, Couzigou P, de Lédinghen V. Pitfalls of
liver stiffness measurement: a 5-year prospective study
of 13,369 examinations. Hepatology. 2010; 51:828-35.
https://doi.org/10.1002/hep.23425 PMID:20063276

Karlas T, Petroff D, Sasso M, Fan JG, Mi YQ, de
Lédinghen V, Kumar M, Lupsor-Platon M, Han KH,
Cardoso AC, Ferraioli G, Chan WK, Wong VW, et al.
Individual patient data meta-analysis of controlled
attenuation parameter (CAP) technology for assessing
steatosis. J Hepatol. 2017; 66:1022-30.
https://doi.org/10.1016/j.jhep.2016.12.022
PMID:28039099

Scheuer PJ. Classification of chronic viral hepatitis: a
need for reassessment. J Hepatol. 1991; 13:372-74.
https://doi.org/10.1016/0168-8278(91)90084-0
PMID:1808228

WWW.aging-us.com

16082

AGING


https://doi.org/10.1002/hep.28778
https://pubmed.ncbi.nlm.nih.gov/27680510
https://doi.org/10.1111/apt.12658
https://pubmed.ncbi.nlm.nih.gov/24612251
https://doi.org/10.1111/apt.15298
https://pubmed.ncbi.nlm.nih.gov/31094016
https://doi.org/10.1111/j.1365-2893.2008.01037.x
https://pubmed.ncbi.nlm.nih.gov/18673426
https://doi.org/10.1002/hep.27844
https://pubmed.ncbi.nlm.nih.gov/25991038
https://doi.org/10.1111/j.1365-2893.2010.01407.x
https://pubmed.ncbi.nlm.nih.gov/21129129
https://doi.org/10.1016/j.jhep.2010.06.022
https://pubmed.ncbi.nlm.nih.gov/20932598
https://doi.org/10.1002/hep.28843
https://pubmed.ncbi.nlm.nih.gov/27639088
https://doi.org/10.1111/jvh.12715
https://pubmed.ncbi.nlm.nih.gov/28419755
https://doi.org/10.1111/jgh.12865
https://pubmed.ncbi.nlm.nih.gov/25532416
https://doi.org/10.1111/jvh.12930
https://pubmed.ncbi.nlm.nih.gov/29768686
https://doi.org/10.3748/wjg.v20.i21.6626
https://pubmed.ncbi.nlm.nih.gov/24914387
https://doi.org/10.1002/hep.23425
https://pubmed.ncbi.nlm.nih.gov/20063276
https://doi.org/10.1016/j.jhep.2016.12.022
https://pubmed.ncbi.nlm.nih.gov/28039099
https://doi.org/10.1016/0168-8278(91)90084-o
https://pubmed.ncbi.nlm.nih.gov/1808228

