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Background: The aim of this study was to explore transient elastography (TE) with quantitative hepatitis B surface antigen
(qHBsAg) for detecting advanced hepatic fibrosis.
Material/Methods: This was a single-center prospective real-life analysis of 111 treatment-naive chronic hepatitis B (CHB) pa-
tients enrolled into the Establishment of Non-invasive Diagnosis Criteria and Model of Hepatitis B Virus-related
Cirrhosis Study.
Results: There were significant correlations between TE, qHBsAg, and fibrosis. Both gHBsAg and TE were identified as in-
dependent predictors for advanced fibrosis. In receiver operating characteristic curve (ROC) analysis, TEqHBsAg
(combination of TE and qHBsAg) resulted in the highest area under the receiver-operator curve (AUC) (0.912),
mainly due to increased specificity. Using the optimal cut-off, TEqQHBsAg provided a sensitivity of 86.7%, and
increased specificity from 78.7% to 85.1%.
Conclusions: Combining TE with qHBsAg enhances specificity in identifying advanced fibrosis in treatment-naive CHB patients.
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Background

It is estimated that approximately 400 million individuals are
living with chronic hepatitis B (CHB) worldwide, with 75% of
cases in the Asia-Pacific region [1,2]. CHB leads to severe se-
quelae in about 5% of infected adults and in a larger propor-
tion of children, and is responsible for 0.5-1.2 million deaths
per year. These statistics show the need for additional mea-
sures, since intensified treatment and follow-up may reduce
the burden of this disease.

Liver biopsy (LB) is normally recommended for staging of fibro-
sis [3]. However, it is an invasive procedure hampered by pa-
tient distress, serious complications, sampling bias, variability
in interpretation, and difficulty of repetition for fibrosis mon-
itoring [4,5]. As a novel non-invasive assessment, transient
elastography (TE) has been validated as a surrogate marker in
many studies [6-8], and has gained widespread use in many
regions due to its advantages of accuracy, simplicity, and rap-
id results [9-11]. However, TE has a suboptimal specificity due
to overestimation caused by non-fibrotic histological features.
At least 1 study has examined combining TE with readily avail-
able non-invasive markers for predicting fibrosis [12], but the
effect was marginal.

Hepatitis B surface antigen (HBsAg) has been the criterion
standard in detecting active HBV infection since its discovery,
and is traditionally measured qualitatively. The recent avail-
ability of quantitative assays has reinforced its value in mon-
itoring prognosis and treatment response in patients with
CHB [13-15]. A few studies have investigated the correlation
between quantitative HBsAg (qHBsAg) levels and the stage of
fibrosis [16-18]. The limited available data show a potential
value of qHBsAg as a disease-specific marker in fibrosis stag-
ing. However, the value of combining TE with gHBsAg in fibro-
sis detection remains unclear.

The aim of this study was to evaluate the predictive value of

combining TE with qHBsAg in identifying advanced fibrosis
in CHB patients.

Material and Methods

Patients

Consecutive treatment-naive CHB patients who were enrolled
into the Establishment of Non-invasive Diagnosis Criteria and
Model of Hepatitis B Virus-related Cirrhosis Study were assessed
at the Japan-China Friendship Hospital in Beijing, China, be-
tween March 2012 and December 2013. The diagnosis of CHB
was in accordance with the 2010 guidelines for the prevention
and treatment of chronic hepatitis B of the Chinese Medical
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Association. Inclusion criteria for patients were: 1) age 18-65
years, 2) serum HBsAg-positive for at least 6 months, and 3)
persistently or intermittently abnormal aminotransferase (as-
partate aminotransferase or alanine aminotransferases) val-
ues. Patients with the following conditions were excluded from
the study: 1) current or previous antiviral therapy, 2) current or
previous liver function decompensation, 3) aminotransferase
normalization therapy within the 2 preceding weeks, 4) abso-
lute contraindications to LB [platelets (PLT) <60x10%/L, inter-
national normalized ratio »1.35], 5) body mass index >30, and
6) presence of other liver diseases (hepatitis C virus, hepatitis
D virus, or human immunodeficiency virus co-infection; auto-
immune hepatitis; suspected or proven hepatocellular carci-
noma; or average alcohol consumption >20 g daily for men, or
>10 g average for women). All patients gave written informed
consent. The study protocol conformed to the ethics guide-
lines of the Declaration of Helsinki and was approved by our
Institutional Ethics Committee.

Clinical and laboratory assessment

Serum samples, TE, and LB were obtained in sequence on the
same day in all cases. Relevant clinical variables included age,
sex, PLT, alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), y-glutamyltransferase (GGT), total bilirubin (TBIL),
albumin (ALB), FIB4 [(AST x age)/(PLT x ALT2)], APRI (AST/PLT),
hepatitis B e antigen (HBeAg), HBV DNA, and HBsAg.

Serum HBsAg levels were quantified using the Architect HBsAg
1200 assay (Abbott Laboratories, Chicago, IL, USA) according to
the manufacturer’s protocol. The detection value ranges from
0.05 to 250 IU/ml. Samples with an HBsAg level higher than
250 IU/ml require a 1:500 dilution. Levels of qHBsAg are ex-
pressed as log, IU/ml. A central clinical laboratory was used
to analyze serum samples. All of the blood samples were col-
lected, centrifuged, and immediately stored in a temperature-
monitored storage device at —80°C.

Transient elastography

Fibroscan (EchoSens, Paris, France) examination was per-
formed before LB by an experienced observer who was blind-
ed to patient data. Liver stiffness was determined on the right
lobe of the liver as previously described [19]. The results are
expressed in kilopascals (kPa) and the median value of 10 ac-
quisitions was considered for analysis, including only those
cases with a success rate higher than 60% and an interquar-
tile range (IQR)/result ratio <0.3.

Histological assessment

LB was performed using 16G MAXCO needles (Bard Co., Murray
Hill, NJ, USA) under ultrasound guidance. The specimens were
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Table 1. Baseline characteristics of patients infected with HBV.

Stages of fibrosis

Whole group

Sex (male/female) 89/13 66/9 23/4 0.741
"""" Ageea*  394s113 3704104 458+116 0000
"""" ATQUA™  515(350,90)  490(315,935)  660(430,1110) 0052
"""" GGTQUM™ 320010610  27.0(70,375)  640(330,978 0000
"""" TBIL(mo/)* 15534649 1444568 18424765 0006
"""" AB@U™  470(450,493)  470(450,500)  460(443,478) 0724
"""" PLTAO) 179936408 1989245866 1342245321 0000
"""" HBeAg (negative/positve)  36/66 249 1217 0639
"""" gHBsAg (og,JU/m)* 3345095 348:100 2974069 0016
"""" HBY DNA (0gJUm)™  60(30,70) 603080 503070 0118
"""" TE®PA™  70(0,1200 614780 171110217 0000
"""" PB4 1020065212 095058162  156(084,321) 0020
"""" AR 020011043  019(011,035 031011068 0145

* Data are mean +SD; ** Data are median (25%, 75%). ALT — alanine aminotransferase; GGT — y-glutamyl transferase;
TBIL - total bilirubin; ALB — albumin; PLT — platelets; HBeAg — hepatitis B e antigen; qHBsAg — quantitative hepatitis B surface antigen;

HBV - hepatitis B virus; TE — transient elastography.

fixed, paraffin-embedded, and stained with hematoxylin and
eosin and Masson’s trichrome. Liver fibrosis was evaluated ac-
cording to Metavir staging (FO-F4). F3 and F4 were defined as
advanced fibrosis. Fibrosis staging was considered as reliable
when liver specimen length was >10 mm and the portal tract
number was >5. All liver biopsies were evaluated separately
by 2 experienced pathologists, followed by a consensus read-
ing in cases of discordance. The pathologists were blinded to
clinical information.

Data analysis

Qualitative data among groups were compared using the chi-
squared test. Student’s t test, ANOVA, or the Kruskal-Wallis test
were used for quantitative data. Spearman’s correlation coef-
ficient (r) was used for correlation analysis. Logistic regression
analyses were performed to investigate the significant predic-
tors of advanced fibrosis. The accuracy of the parameters was
assessed by calculating the area under the receiver-operator
curve (AUC) and the magnitude of the effects was assessed
by calculating sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV). Specificities were
compared using the chi-squared test. Statistical significance
was taken as 2-sided P<0.05. All statistical analyses were per-
formed using SPSS software version 17.0.

Results

Baseline characters

Of the 111 patients included in this study, LB failed in 5 pa-
tients because the liver specimen length was <10 mm, while
TE failed in 4 patients with narrow intercostal spaces or high
body mass index. LB and TE were successfully performed in
102 patients (mean age 39.4+11.3 years, 89 males). Advanced
fibrosis (F3 and F4) was confirmed in 27 (26.5%) patients.
The mean gHBsAg was 3.3420.95 (log,,IU/ml). The median
TE was 6.95kPa. Age, GGT, TBIL, TE, and FIB4 were higher in
patients with advanced fibrosis than in patients without ad-
vanced fibrosis, while qHBsAg and PLT were lower in patients
with advanced fibrosis. There was no significant difference in
male sex, ALT, ALB, HBeAg, HBV DNA, or APRI between the 2
groups (Table 1).

Correlation between qHBsAg, transient elastography, and
stage of fibrosis

There was a significant association between TE and fibrosis
severity (r=0.642, P<0.001) in the whole group. HBeAg (+) pa-
tients had a stronger correlation between TE and fibrosis se-
verity (r=0.686, P<0.001) than HBeAg (-) patients (r=0.587,
P=0.002; Figure 1).
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Figure 1. (A, B) Distribution according to fibrosis state of liver stiffness in CHB patients. There was a strong correlation between TE
(r=0.642, P=0.000) and fibrosis severity. The correlation remained significant in both HBeAg(+) and HBeAg(-) patients, but
was stronger in HBeAg(+) patients (r=—0.686, P=0.000). * P<0.05, vs. F1; # P<0.05, vs. F2.
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Figure 2. (A, B) Distribution according to fibrosis state of qHBsAg values in CHB patients. qHBsAg was correlated with stage of fibrosis
in the entire group of CHB patients (r=—0.395, P=0.000). There were stronger correlations in HBeAg(+) patients (r=—0.564,
P=0.000), but no significant correlation in HBeAg(-) patients. * P<0.05, vs. F1; # P<0.05, vs. F2.

Serum gHBsAg showed an inverse correlation with fibro- between gHBsAg and fibrosis severity (r=—0.564, P<0.001), or
sis severity (r=—0.395, P<0.001) and TE (r=—0.383, P=0.001) TE (r=—0.628, P<0.001) were stronger in HBeAg (+) patients, but
in all patients infected with HBV. The inverse correlations not statistically significant in HBeAg (-) patients (Figures 2, 3).
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Figure 3. Correlation between serum qHBsAg and TE in CHB
patients. There was a correlation between qHBsAg
and TE in the entire group of HBV-infected patients
(r=—0.383, P=0.001).

Figure 4. ROC curves for the performance of qHBsAg™, TE,
and TEqHBsAg for identifying advanced fibrosis in
CHB patients. TEqHBsAg resulted in the highest AUC
(0.912), followed by TE (0.892) and qHBsAg™ (0.752).
ROC analysis of TEqHBsAg suggested that a cut-off of
3.385 exhibited a sensitivity of 86.7% and a specificity
of 85.1%, with a PPV of 85.3% and an NPV of 86.5%.

Table 2. Logistic regression analyses exploring qHBsAg and TE as predictors of advanced fibrosis.

B
qHBsAg -1.199
TE 1.169

OR (95% CI) P value
0.301 (0.097, 0.932) 0.037
3.219 (1.387, 7.472) 0.006

gHBsAg — quantitative hepatitis B surface antigen; TE — transient elastography.

Comparison of diagnostic performance of qHBsAg™, TE and
TEqHBsAg for advanced fibrosis

In a logistical regression analysis that included qHBsAg, TE,
FIB4, and APRI, only gHBsAg and TE remained as independent
predictors for advanced fibrosis (Table 2). Therefore, qHBsAg,
and TE, and the combination of TE and qHBsAg (TEqHBsAg,
TE divided by qHBsAg), were used for the following diagnos-
tic analysis.

TEqHBsAg resulted in the highest AUC (0.912), followed by TE
(0.892) and qHBsAg™ (0.818) in the entire cohort (all P<0.001),
mainly due to increased specificity (Table 3, Figure 4). Using
the optimal cutoff of 8.950, TE provided a sensitivity of 86.7%
and specificity of 78.7%. The TEqHBsAg cutoff of 3.385 led to
the same sensitivity, but a higher specificity (85.1% vs. 78.7%,
P=0.202). Likewise, the PPV and NPV were improved, at 85.3%
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and 86.5% for TEqHBsAg, as opposed to 80.3% and 85.5% for
TE, respectively. When taking the cutoff values that provid-
ed a sensitivity of 100.0%, the specificity was increased from
55.3% to 68.1% (P=0.062).

In a sub-analysis, we stratified the patients according to
HBeAg status. TEqHBsAg still had the highest AUC compared
to gHBsAg™ and TE in both groups. In HBeAg (-) patients, the
combination of gHBsAg™ and TE improved the specificity of the
diagnosis. When cutoff values corresponding to a sensitivity of
85.7% were chosen, the specificity was increased from 70.6%
to 82.4% (P=0.165). In HBeAg (+) patients, TEqHBsAg had the
same specificity as TE at the optimal cutoff, but a higher spec-
ificity (76.7% vs. 60.0%, P=0.039) when taking the cutoff val-
ues provided a sensitivity of 100.0% (Table 4).

[Chemical Abstracts/CAS] [Index Copernicus]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



Dai T. et al.:
Treatment-naive chronic hepatitis B
© Med Sci Monit, 2016; 22: 2878-2885

LAB/IN VITRO RESEARCH

Table 3. Comparison of the performance of qHBsAg™, TE, and TEqHBsAg for the diagnosis of advanced fibrosis in CHB patients.

AUC (95% CI)

TEqHBsAg

Cut-off value Sensitivity (%) Specificity (%)

PPV (%) NPV (%)

AUC - area under the receiver-operator curve; PPV — positive predictive value; NPV — negative predictive value; qHBsAg — quantitative
hepatitis B surface antigen; TE — transient elastography; TEqHBsAg — TE divided by gHBsAg.

Table 4. Comparison of the performance of qHBsAg™, TE, and TEqHBsAg for the diagnosis of advanced fibrosis in patients with

different HBeAg status.

AUC (95% CI) Cut-off value

TEqHBsAg

Sensitivity (%) Specificity (%) P value

AUC - area under the receiver-operator curve; HBeAg — hepatitis B e antigen; qHBsAg — quantitative hepatitis B surface antigen;
TE - transient elastography; TEqHBsAg — TE divided by qHBsAg; ALT — alanine aminotransferase.

Discussion

Fibrosis staging has long been suggested to be crucial in the
management of CHB, and the recent availability of non-inva-
sive assessment of liver fibrosis reinforced its value in moni-
toring prognosis and treatment response in patients with CHB.
As a non-invasive approach for evaluating liver fibrosis, TE has
gained widespread use due to its advantages, which include ac-
curacy, simplicity and rapid results; however, it is hampered by
the overestimation caused by non-fibrotic histological features.
Recently, as advances have been made in the development of
gqHBsAg assays, gHBsAg was recognized as an important mark-
er in monitoring the natural history of CHB [20]. Seto et al. [16]
suggested that high serum HBsAg levels (>25,000 IU/ml) can
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accurately predict mild fibrosis (Ishak fibrosis score <1) in HBeAg
(+) CHB patients with ALT <2xULN. The current study investi-
gated the predictive value of the combination of TE and gHB-
sAg in identifying advanced fibrosis. Our study is a single-center
prospective real-life analysis of treatment-naive CHB patients.

As expected, there was a significant association between TE
and fibrosis severity in our research. The AUC, sensitivity, and
specificity provided by TE in our study were comparable with
those found in other studies [12]. We confirmed the inverse
correlation between qHBsAg and severity of fibrosis in treat-
ment-naive CHB patients. The exact mechanism for the inverse
relationship between the HBsAg levels and the stages of fi-
brosis is unclear. It was hypothesized that enhanced immune
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clearance of HBsAg, intracellular block of HBsAg secretion, or
diminishing ability of the host to support viral replication may
be involved. Consistent with publications by Seto et al. [16]
and Martinot-Peignoux et al. [18], the relationship was only
statistically significant in HBeAg (+) patients. It could be spec-
ulated that HBeAg (+) status reflects a lack of immune control,
whereas HBeAg (-) status means the host exerts some level of
immune control over the infection. In the immune-tolerance
phase, HBsAg remains high and fibrosis is minimal. When en-
tering the immune clearance phase, with repeated immune-
mediated damage, more fibrosis develops and HBsAg decreas-
es. However, Tseng et al. [21] suggested that high HBsAg levels
can predict disease progression in HBeAg (-) patients. The role
of gHBsAg in patients with different HBeAg statuses awaits
further clarification.

Previous papers on the subject of combining TE with easily
available serum markers have shown that the diagnostic ac-
curacy increased, but that the specificity was not significantly
enhanced. Because one of these publications suggested that
FIB4 and APRI were independent predictors of advanced liver
fibrosis, we included qHBsAg, TE, FIB4, and APRI in the logisti-
cal regression analysis. Only qHBsAg and TE remained as inde-
pendent predictors, so we did not perform further analysis of
FIB4 and APRI. In our study, the combination with gHBsAg en-
hanced the specificity of TE in identifying advanced fibrosis in
all groups. TEqHBsAg resulted in the highest AUC (0.912) com-
pared to TE and gHBsAg, in which a cutoff of 3.385 led to a sen-
sitivity of 86.7% and a specificity of 85.1% in the whole group.
Specificities were increased by combining TE with qHBsAg™,
when taking both optimal cutoff and cutoff values providing
a sensitivity of 100.0%. Although the improvement in speci-
ficity was marginal, it may be of clinical importance if this ef-
fect reaches statistical significance in a larger sample. In both
HBeAg (-) and HBeAg (+) patients, the accuracy of TE in pre-
dicting advanced fibrosis was improved by the combination.
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The accuracy of TEqHBsAg was higher in HBeAg (+) patients.
Using the lower cutoff of TEqHBsAg (2.221) to reach 100% sen-
sitivity, 81.1% of patients classified in the advanced fibrosis
group were diagnosed correctly, and the specificity was signif-
icantly increased, from 60.0% to 76.7%. The improvement in
specificity seen with TE reinforces its value in treatment de-
cision-making, prognosis, and treatment response monitor-
ing. The advantages of non-invasive nature and accuracy of
TEqHBsAg shown in this study may make it a promising pro-
cedure for use in the surveillance of CHB patients.

The small number of patients in this study requires valida-
tion of the results with a larger cohort, and prevented further
analysis by subgroups, such as different clinical stages of pa-
tients. Genotype information, which may affect qHBsAg and
TEqHBsAg, was not available. The possible value of combin-
ing other parameters was not fully investigated. The value of
TEqHBsAg in detecting advanced fibrosis should be confirmed
in a larger cohort of patients with adequate representation of
individual genotypes and ethnic groups.

Conclusions

The combination of gHBsAg with TE enhanced the specifici-
ty for identifying advanced fibrosis, and may be a promising
procedure for CHB surveillance.
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