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Abstract

Objective: This study aimed to examine the correlations between serum hepatitis B core-
related antigen (HBcrAg) and hepatitis B surface antigen (HBsAg) titers in patients with hepatitis
B cirrhosis and a hepatitis B virus (HBV)-DNA-negative status.

Methods: We retrospectively analyzed the data and blood samples of patients who were diag-
nosed with HBV liver cirrhosis and an HBV-DNA negative status. These patients were hospital-
ized between October 2018 and October 2019 at one hospital.

Results: A total of 180 patients were included. The median (interquartile range) HBsAg and
HBcrAg concentrations were 2.77 logoIU/mL (1.60-3.15) and 3.96log o U/mL (2.70-4.97),
respectively. A non-linear significant relationship was found between HBsAg and HBcrAg
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concentrations. The inflection point was 0.58. The effect size and confidence interval on the left
and right sides of the inflection point were 0.10 (—0.23-0.42) and 0.62 (0.46-0.78), respectively.
When HBsAg concentrations were >0.58log o IU/mL, HBsAg concentrations were positively
correlated with HBcrAg concentrations. When HBsAg concentrations increased by | logo IU/mL,
HBcrAg concentrations increased by 0.62log ;o U/mL (95% confidence interval: 0.46, 0.78).

Conclusions: There might be a non-linear relationship between HBcrAg and HBsAg concen-

trations in patients with hepatitis B cirrhosis and an HBV-DNA-negative status.
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Introduction

The increasingly common use of the hepa-
titis B virus (HBV) vaccine combined with
hepatitis B immunoglobulin and the appli-
cation of powerful anti-HBV agents has led
to considerable progress in the prevention
and treatment of HBV infection.'?
Nevertheless, even after patients test nega-
tive for serum HBV-DNA, some can still
develop cirrhosis and liver cancer. Most
patients treated with nucleoside/tide ana-
logs continue to have detectable covalently
closed circular DNA (cccDNA), although
most of them have undetectable serum
HBV-DNA.? Therefore, continuous surveil-
lance of HBV replication activity is one of
the most important methods of monitoring
disease progression. Detecting intrahepatic
cccDNA requires a liver biopsy. Therefore,
identifying novel and convenient surrogate
markers of intrahepatic viral replication
activity has been a research hotspot in the
past decades,* especially in HBV-
DNA-negative patients. Serum hepatitis B
surface antigen (HBsAg) and HBV core-
related antigen (HBcrAg) titers can be used
as virological markers in patients who
are HBV-DNA-negative. The relationship

between HBsAg and HBcrAg has already
been well studied in chronic hepatitis B
(CHB),>® but their correlation has not
been characterized yet in patients with hep-
atitis B cirrhosis who are HBV-DNA-
negative. Therefore, we examined the rela-
tionship between serum HBcrAg and
HBsAg concentrations in this population.
Understanding this relationship could help
determine the application value of two sero-
logical markers in patients with hepatitis B
cirrhosis. In addition, establishing prediction
models of hepatic adverse events, especially
in the case of liver cirrhosis, would be
helpful.

Methods

Study design and patients

We retrospectively analyzed the data and
blood samples from patients who were diag-
nosed with HBV liver cirrhosis and had an
HBV-DNA negative status. The patients
were hospitalized between October 2018
and October 2019 at our hospital.

All consecutive patients had hepatitis B
cirrhosis with an HBV-DNA-negative
status (HBV-DNA < 20 IU/mL), regardless
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of the type and duration of use of anti-HBV
agents. Cirrhosis was diagnosed according
to the Chinese Guidelines on the
Management of Liver Cirrhosis (2019 ver-
sion) released by the Chinese Society of
Hepatology, Chinese Medical Association.
Participants with hepatitis C, human immu-
nodeficiency virus co-infection, missing
virological data, no surplus serum samples
for HBcrAg measurement, serum samples
not appropriately stored at —20°C, alcohol-
ic liver disease (ALD), primary hepatic car-
cinoma, and/or diabetes mellitus were
excluded.

This study was carried out in accordance
with  the Declaration of Helsinki.
Retrospective testing of stored surplus clin-
ical samples was approved by the medical
ethics committee of The Third Central
Hospital of Tianjin (date of approval: 27
December  2019; approval number:
IRB2019-040-01). Written informed con-
sent was obtained from each patient. All
data were analyzed anonymously. The
reporting of this study conforms to the
STROBE guidelines.’

HBV serological markers

Serum HBsAg quantification. HBsAg concen-
trations were quantified using the Abbott
ARCHITECT i4000SR chemiluminescent
microparticle immunoassay (Abbott
Diagnostics, Abbott Park, IL, USA),
which has a detection range of 0.05 to
250 IU/mL. The samples with concentra-
tions >250IU/mL were used at a dilution
of 1: 500 and retested.

Hepatitis B e antigen and HBV-DNA quantifica-
tion. Hepatitis B e antigen (HBeAg) concen-
trations were tested using commercially
available enzyme immunoassay  Kkits
(Abbott  Diagnostics). HBV-DNA in
serum samples was detected and quantified
using the Amplly real-time polymerase
chain reaction HBV assay performed on

an  Anadas9850  platform  (Amplly
Engineering Co. Ltd., Xiamen, China),
which is a fully-automated nucleic acid
extraction and real-time polymerase chain
reaction system. Using the Amplly assay,
HBV DNA was extracted from 200 pL of
serum  and  amplified using  the
Anadas9850. The limit of detection was
approximately 20IU/mL. The samples
with <20 IU/mL were regarded as undetect-
able in accordance with the manufacturer’s
instructions.

HBcrAg quantification. Surplus serum samples
from patients were stored at —20°C and
assayed using a fully automatic chemilumi-
nescent enzyme immunoassay —system
(Lumipulse  G1200; Fujirebio, Tokyo,
Japan) according to the manufacturer’s
instructions. Briefly, the assay provided
a linear range of 3 to 7log;oU/mL.
However, the system indicates concentra-
tions <3log;o U/mL down to 2log;o U/mL
in HBcrAg-positive samples. HBcrAg con-
centrations <2log;o U/mL were treated as
2logioU/mL  for statistical analysis.
Samples with HBcrAg concentrations
>7log;o U/mL were used at a dilution of
1:100 or 1:1000, according to the results of
HBeAg, with the sera of healthy controls
and retested to quantify HBcrAg
concentrations.

Statistical analysis

Serum HBcrAg and HBsAg concentrations
were logo-transformed. Continuous varia-
bles with a normal distribution are
expressed as the mean =+ standard deviation.
Continuous variables with a skewed distri-
bution are expressed as the median (inter-
quartile range). Categorical variables are
expressed as the percentage or frequency.
The Kruskal-Wallis H-test (when the data
had a skewed distribution), one-way analy-
sis of variance (when the data had a normal
distributions), and the chi-square test
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(for categorical variables) were used to
determine statistical differences between
the groups.

A univariable linear regression was used
to evaluate the associations between
HBcrAg and HBsAg. Non-adjusted and
multivariable-adjusted models are pre-
sented in this study, and show the results
of unadjusted, minimally adjusted, and
fully adjusted analyses. Whether the covari-
ance was adjusted was determined by the
following principle: if the covariance
changed the matched odds ratio by at
least 10% when added to the model, the
covariance was adjusted.® In addition, the
generalized additive model (GAM) was
used to identify a non-linear relationship
between HBcrAg and HBsAg. When the
ratio between HBcrAg and HBsAg
appeared in the form of a smoothed curve,
the inflection point was calculated by the
recursive method, where the method of the
maximum model likelihood was used.’
Subgroup analyses were performed by
stratified linear regression models. The sub-
group interaction and modification were
tested by the method of the likelihood
ratio test. Spearman’s rank correlation
analysis was also performed.

All data were analyzed using the
Statistical packages R (The R Foundation;
http://www.r-project.org; version 3.4.3) and
Empower (R) (www.empowersATTs.com;
X&Y Solutions Inc., MA, USA). In all
analyses, P < 0.05 (two-sided) indicates sta-
tistical significance.'”

Results

Baseline characteristics

In this study, 180 eligible patients who were
negative for HBV-DNA and diagnosed
with hepatitis B liver cirrhosis were ana-
lyzed. The baseline characteristics of the
patients are summarized in Table 1. The
mean age of the patients was 58.6 £9.8

years, and 82.8% were men. The median
(interquartile range) HBsAg and HBcrAg
concentrations  were  2.77log;oIU/mL
(1.60-3.15) and 3.96log;oU/mL (2.70-
4.97), respectively. When HBsAg concen-
trations increased by 1logoIU/mL,
HBcrAg concentrations increased by
0.621og;o U/mL (95% confidence interval
[CI]: 0.46, 0.78) (P<0.001). Eighty-two
patients were diagnosed with primary
hepatic carcinoma with hepatitis B liver cir-
rhosis. HBsAg measurement required dilu-
tion in 90 patients, and HBcrAg
measurement required dilution in one
patient. To clarify the relationship between
serum HBsAg and HBcrAg concentrations,
the patients were divided into two groups
according to HBeAg concentrations. The
median (Q1-Q3) HBcrAg concentrations
were 3.48 (2.48-4.39) and 5.32 (4.88-5.73)
log;o U/mL in the HBeAg negative and pos-
itive groups, respectively (P <0.010).
Because the type of anti-HBV agents
widely varies, the patients were divided
into the treatment-naive, entecavir (ETV)-
treated, and other anti-HBV agent groups.

Univariable analysis

The results of the univariable analysis are
shown in Table 2. HBsAg, HBeAg, and
anti-HBYV agents were significantly correlat-
ed with HBcrAg (all P <0.05). Among the
continuous variables, only age was signifi-
cantly negatively correlated with HBcrAg
concentrations (P =0.014). Among the cat-
egorical variables, only diabetes mellitus
was significantly negatively correlated with
HBcrAg concentrations (P =0.002).

Subgroup analysis among stratification
variables

Because 13 patients had HBsAg seroclear-
ance in this study, the total number of par-
ticipants was 167 for each stratification
variable. The variation trend in [ was
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Table |I. Baseline characteristics of the patients (n= 180).

HBeAg (log|o IU/mL)

Characteristics All patients Negative Positive
Number of patients 180 142 38
Age, mean £ SD 58.62 +9.8I 58.80+9.76 57.92+10.08
Sex, n (%)
Male 149 (82.78) 116 (81.69) 33 (86.84)
Female 31 (17.22) 26 (18.31) 5(13.16)

PLT (x 107/L), median (Q1-Q3)
ALT (U/L), median (Q1-Q3)
AST (U/L), median (Q1-Q3)
TBIL (umol/L), median (Q1-Q3)

INR, mean £SD
ALB, g/L, mean £ SD
HBcrAg (log o U/mL),
median (Q1-Q3)
HBsAg (log;o IU/mL),
median (Q1-Q3)

Primary hepatic carcinoma, n (%)

Yes
No
Child—Pugh class, n (%)
A
B
C

Family history of hepatitis B, n (%)

No

Yes
ALD, n (%)

No

Yes

Diabetes mellitus, n (%)

No
Yes

Anti-HBV agent, n (%)
No
ETV
Others

Duration of anti-HBV
agents (years)

68.00 (44.75-111.75)
22.00 (17.00-33.00)
29.00 (22.00-43.00)
19.30 (14.67-29.32)
125028
3759+7.18
3.96 (2.70-4.97)

2.77 (1.60-3.15)

82 (45.56)
98 (54.44)

126 (70.00)
43 (23.89)
1 (6.11)

128 (71.11)
52 (28.89)

130 (72.22)
50 (27.78)

130 (72.22)
50 (27.78)

45 (25.00)
114 (63.33)

21 (11.67)
1.00 (0.00-3.00)

66.00 (44.00—114.75)
21.50 (16.25-33.00)
29.00 (22.00-43.75)
21.15 (15.12-31.60)
127 £0.28
37.02+7.19
3.48 (2.48-4.39)

2.28 (1.29-3.11)

63 (44.37)
79 (55.63)

94 (66.20)
38 (26.76)
10 (7.04)

100 (70.42)
42 (29.58)

105 (73.94)
37 (26.06)

98 (69.01)
44 (30.99)

43 (30.28)
83 (58.45)
16 (11.27)
0.50 (0.00-2.34)

72.50 (51.25-106.75)
23.50 (19.25-33.75)
27.50 (23.00-37.75)
15.40 (12.88-24.10)
1.18+0.26
39.69 + 6.80
5.32 (4.88-5.73)

3.14 (2.77-3.35)

19 (50.00)
19 (50.00)

32 (84.21)
5 (13.16)
| (2.63)

28 (73.68)
10 (26.32)

25 (65.79)
13 (34.21)

32 (84.21)
6 (15.79)

2 (5.26)
31 (81.58)
5 (13.16)
2.00 (1.00-3.48)

Data are presented as mean & SD, n (%), or median (Q1-Q3).
“Others” for anti-HBV agents were as follows: lamivudine (n =5); adefovir dipivoxil (n =4); telbivudine (n= I); lamivu-
dine + adefovir dipivoxil (n = 3); tenofovir disoproxil fumarate (n = 2); tenofovir alafenamide (n=I); ETV and tenofovir
disoproxil fumarate (n = 2); adefovir dipivoxil, telbivudine, and ETV (n = I); and adefovir dipivoxil and ETV (n=2).
HBeAg, hepatitis B e antigen; SD, standard deviation; PLT, platelets; ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; TBIL, total bilirubin; INR, international normalized ratio; ALB, albumin; HBcrAg, hepatitis B virus core-
related antigen; HBsAg, hepatitis B surface antigen; ALD, alcohol-related liver disease; HBV, hepatitis B virus; ETV,

entecavir.
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Table 2. Univariate analysis of HBcrAg concentrations (log o U/mL).

Covariates Value B (95% Cl) P value
Age (years) 58.62 +9.81 —0.03 (-0.05, 0.01) 0.014
Sex, n (%)

Male 149 (82.78) Reference

Female 31 (17.22) —0.02 (—0.54, 0.50) 0.946
HBsAg (log o U/mL) 221 +1.33 0.59 (0.47, 0.71) <0.001
PLT (x1079/L) 68.00 (44.75—111.75) —0.002 (—0.005, 0.001) 0.112
ALT (U/L) 22.00 (17.00-33.00) 0.001 (—0.003, 0.006) 0.576
AST (U/L) 29.00 (22.00—43.00) —0.002 (—0.007, 0.002) 0.298
TBIL (mol/L) 19.30 (14.67-29.32) —0.005 (—0.013, 0.003) 0.241
ALB (g/L) 37.59+7.18 —0.001 (—0.03, 0.03) 0.936
INR 1.25+0.28 —0.08 (—0.63, 0.79) 0.827
HBeAg, n (%)

Negative 142 (78.89) Reference

Positive 38 (21.11% 1.72 (1.31, 2.12) <0.001
Primary hepatic carcinoma, n (%)

No 98 (54.44) Reference

Yes 82 (45.56) 0.02 (—0.37, 0.41) 0.904
Child—Pugh class, n (%)

A 126 (70.00) Reference

B 43 (23.89) —0.07 (—0.53, 0.40) 0.777

Cc I (6.11) 0.08 (—0.75, 0.90) 0.859
Family history of hepatitis B, n (%)

No 128 (71.11) Reference

Yes 52 (28.89) 0.37 (—0.06, 0.79) 0.093
ALD, n (%)

No 130 (72.22) Reference

Yes 50 (27.78) 0.29 (—0.15, 0.72) 0.194
Diabetes mellitus, n (%)

No 130 (72.22) Reference

Yes 50 (27.78) —0.68 (—1.10, —0.26) 0.002
Anti-HBV agent, n (%)

No 45 (25.00) Reference

ETV 114 (63.33) 1.33 (0.92, 1.75) <0.001

Others 21 (11.67) 0.93 (0.31, 1.56) 0.004
Duration of anti-HBV agents 1.00 (0.00-3.00) 0.05 (—0.01, 0.11) 0.100

Values are presented as mean =+ standard deviation or n (%). In the univariate analysis of PLT, TBIL, ALT, and AST, the
values for f and the 95% Cl were small. Therefore, they are shown to three decimal places.

“Others” for anti-HBV agents were as follows: lamivudine (n = 5); adefovir dipivoxil (n =4); telbivudine (n= I); lamivu-
dine 4 adefovir dipivoxil (n = 3); tenofovir disoproxil fumarate (n = 2); tenofovir alafenamide (n=1); ETV and tenofovir
disoproxil fumarate (n = 2); adefovir dipivoxil, telbivudine, and ETV (n= 1); and adefovir dipivoxil and ETV (n=2).

Cl, confidence interval; HBsAg, hepatitis B surface antigen; PLT, platelets; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TBIL, total bilirubin; ALB, albumin; INR, international normalized ratio; HBeAg, hepatitis B e antigen;
ALD, alcohol-related liver disease; HBV, hepatitis B virus; ETV, entecavir.
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consistent in all stratified variables, such as
sex, primary hepatic carcinoma, HBeAg, a
family history of hepatitis B, ALD, diabetes
mellitus, Child—Pugh class, Barcelona
Clinic Liver Cancer (BCLC) stage, and the
type of use of anti-HBV agents (Table 3).
There were significant differences (all
P <0.05) between HBsAg and HBcrAg
concentrations among all of the stratifica-
tion variables, except for the other anti-
HBV agent group. We adjusted for
aspartate aminotransferase (AST) concen-
trations, HBeAg concentrations, a family
history of hepatitis B, Child—Pugh class,
ALD, anti-HBV agents, and the duration
of use of antiviral agents for each stratifica-
tion variable, except for when the variable
itself was a stratification variable.

Correlation between HBsAg and HBcrAg
concentrations according to primary
hepatic carcinoma

Regardless of whether the population was
diagnosed with primary hepatic carcinoma,
the correlation between HBsAg and
HBcrAg concentrations was positive and
significant (both P <0.001) after adjusting
for AST concentrations, HBeAg concentra-
tions, a family history of hepatitis B, Child—
Pugh class, ALD, the type of use of
anti-HBV agents, and the duration of use
of anti-HBV agents. The B (95% CI) were
0.41 (0.20, 0.62) and 0.57 (0.43, 0.71) in the
primary hepatic carcinoma and cirrhosis
groups, respectively (Table 3).

Correlation between HBsAg and HBcrAg
concentrations according to HBeAg
concentrations

The B (95% CI) and P values were 0.59
(0.25, 0.94) and 0.002 and 0.49 (0.36, 0.62)
and <0.001, respectively, in the HBeAg
positive and negative groups. We adjusted
for AST concentrations, HBeAg concentra-
tions, a family history of hepatitis B,

Table 3. Effect size of hepatitis B surface antigen
(logio1U/mL) on hepatitis B virus core-related
antigen (log o U/mL) in prespecified and
exploratory subgroups.

Characteristics n B (95% Cl) P value
Sex

Male 137 0.50 (0.37, 0.64) <0.001

Female 30 0.57 (0.38, 0.77) <0.001
Primary hepatic carcinoma

Yes 79 0.41 (0.20, 0.62) <0.001

No 88 0.57 (0.43, 0.71) <0.001
HBeAg

Negative 130 0.49 (0.36, 0.62) <0.001

Positive 37 0.59 (0.25, 0.94) 0.002
Family history of hepatitis B

No Ié 0.55 (0.41, 0.68) <0.001

Yes 51 0.36 (0.10, 0.62) 0.011
ALD

No 19 0.54 (0.41, 0.68) <0.001

Yes 48 0.53 (0.29, 0.77) 0.001
Diabetes mellitus

No 123 0.55 (0.42, 0.68) <0.001

Yes 44 0.38 (0.07, 0.69) 0.023
Child—Pugh class

A 19 0.44 (0.29, 0.58) <0.001

B 39 0.52 (0.22, 0.82) 0.002

C 9 - -
BCLC stage

0 4 - -

A 39 0.50 (0.10, 0.90) 0.021

B 21 0.52 (0.22, 0.81) 0.007

C 13 - -

D 2 - -
Anti-HBYV agent

No 34 0.40 (0.19, 0.60) 0.001

ETV 112 0.60 (0.44, 0.76) <0.001

Others 21 0.84 (-0.11, 1.79) 0.115

“Others” for anti-HBV agents were as follows: lamivudine
(n=>5); adefovir dipivoxil (n=4); telbivudine (n=1);
lamivudine + adefovir dipivoxil (n = 3); tenofovir diso-
proxil fumarate (n = 2); tenofovir alafenamide (n=1);
ETV and tenofovir disoproxil fumarate (n = 2); adefovir
dipivoxil, telbivudine, and ETV (n = 1); and adefovir
dipivoxil and ETV (n=2).

The following variables were adjusted for: aspartate ami-
notransferase concentrations , HBeAg concentrations, a
family history of hepatitis B, Child-Pugh class, ALD, anti-
HBYV agents, and the duration of antiviral agents for each
stratification variable except for itself.

The number of participants was 167 rather than 180
because |3 participants were hepatitis B surface antigen-
negative in this study.

Cl, confidence interval; HBeAg, hepatitis B e antigen; ALD,
alcohol-related liver disease; BCLC, Barcelona Clinic Liver
Cancer; HBYV, hepatitis B virus; ETV, entecavir.
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Child-Pugh class, ALD, and the type and
duration of use of anti-HBV agents for this
stratification variable (Table 3).

Correlation between HBsAg and HBcrAg
concentrations according to the
Child—Pugh class

Only nine patients were diagnosed with
Child-Pugh class C in our study.
Therefore, the B, 95% CI, and P values
were not statistically analyzed in this class.
HBsAg and HBcrAg concentrations were
positively significantly correlated (both
P <0.01 for classes A and B) after adjusting
for AST concentrations, HBeAg concentra-
tions, a family history of hepatitis B, ALD,
anti-HBV agents, and the duration of use of
anti-HBV agents (Table 3).

Correlation between HBsAg and
HBcrAg concentrations according to
the BCLC stage

The B (95% CI) and P values were 0.50
(0.10, 0.90) and 0.021 and 0.52 (0.22, 0.81)
and 0.007, respectively, in stages A and B of
BCLC. We adjusted for AST concentra-
tions, HBeAg concentrations, a family his-
tory of hepatitis B, ALD, and the type and
duration of use of anti-HBV agents.
Because of the lack of a sufficient number
of patients in stages 0, C, and D, statistical
analysis could not be performed (Table 3).

Correlation between HBsAg and HBcrAg
concentrations according to the type of
anti-HBV agent

As mentioned above, the patients were
divided into three groups according to cat-
egories of anti-HBV agents. HBsAg and
HBcrAg concentrations were positively
and significantly correlated (all P <0.01),
except for the “others” group, after adjust-
ing for AST concentrations, HBeAg con-
centrations, a family history of hepatitis

B, ALD, and the type and duration of use
of anti-HBV agents. The results of sub-
groups of other categorical variables, such
as sex, ALD, diabetes mellitus, and a family
history of hepatitis B, are shown in Table 3.

Analysis of the relationship between
HBcrAg and HBsAg concentrations

To clarify the relationship between serum
HBcrAg and HBsAg concentrations and
their trend, the patients were divided into
three groups on the basis of HBsAg concen-
trations as follows: T1 (—2.00 to 2.01log;o U/
mL), T2 (2.04 to 3.04log;o U/mL), and T3
(3.06 to 3.95log;oU/mL). A univariable
linear regression model was used to evaluate
the correlation between HBcrAg and HBsAg
concentrations. The non-adjusted and
adjusted models are shown in Table 4. In
the crude model, HBcrAg concentrations
were correlated with HBsAg concentrations
(B=0.59, 95% CI: [0.47, 0.70], P <0.001),
and the results using the preliminary adjust-
ed model (adjusted only for age and sex)
were similar to those in the crude model
(B=0.59 [0.47, 0.71], P<0.001). We also
detected an association using the adjusted
model 1T (=0.48 [0.37, 0.60], P <0.001),
which was adjusted for AST concentra-
tions, HBeAg concentrations, the type and
duration of use of anti-HBV agents, prima-
ry hepatic carcinoma, Child—Pugh class,
ALD, and diabetes mellitus. In a sensitivity
analysis, HBsAg was considered to be a cat-
egorical variable (tripartite), and a signifi-
cant trend was observed (all P values for
trend <0.001).

Analyses of non-linear relationships

In this study, the non-linear relationship
between HBsAg and HBcrAg concentra-
tions was analyzed (P=0.010 in the log-
likelihood ratio test) (Figure 1), with
HBsAg as the continuous variable. The
relationship between HBcrAg and HBsAg
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Table 4. Relationship between HBsAg (log o IU/mL) and hepatitis B virus core-related antigen (log o U/mL)
in different models.

Crude model Model | Model Il

Variable B (95% Cl) P value B (95% ClI) P value B (95% ClI) P value

HBsAg (log;oIlU/mL)  0.59 (0.47, 0.70) <0.001  0.59 (0.47, 0.71) <0.001  0.48 (0.37, 0.60) <0.001
HBsAg (tripartite)

T1 (—2.00-2.01) Reference Reference Reference

T2 (2.04-3.04) 1.31 (0.92, 1.70) <0.001  1.30 (0.91, 1.70) <0.001  1.05 (0.69, 1.40) <0.001
T3 (3.06-3.95) 1.77 (1.39, 2.15) <0.001  1.76 (1.38, 2.15) <0.001  1.35(0.99, 1.72) <0.001
P for trend <0.001 <0.001 <0.001

HBsAg values were divided into small to large values (T, T2, and T3) to observe its changing trend with hepatitis B virus
core-related antigen values in different models.

Model | was adjusted for sex and age. Model Il was adjusted for aspartate aminotransferase concentrations, hepatitis B e
antigen concentrations, anti-hepatitis B virus agents, the duration of anti-hepatitis B virus agents, primary hepatic carci-
noma, Child—Pugh class, alcohol-related liver disease, and diabetes mellitus.

HBsAg, hepatitis B surface antigen; Cl, confidence interval.

HBCrAg { Log! 0U/mL)

I VAT 1 TV WA TV OO0 T AT T

2 -1 0 1 - 3 4
HBsAg (log10IU/mi)

Figure |. Association between HBsAg and HBcrAg concentrations. A non-linear association between
HBcrAg (log o U/mL) and HBsAg (logo IU/mL) concentrations was found (P < 0.01) in the generalized
additive model. The solid red line represents the linear fit between variables. Blue bands represent the 95%
confidence interval from the fit. We adjusted for sex, age, primary hepatic carcinoma, hepatitis B e antigen
concentrations, Child—Pugh class, alcohol-related liver disease, diabetes mellitus, anti-hepatitis B virus
agents, and the duration of anti-hepatitis B virus agents.

HBsAg, hepatitis B surface antigen; HBCrAg, hepatitis B virus core-related antigen.
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concentrations was non-linear in the GAM
(after adjusting for sex, age, primary hepat-
ic carcinoma, HBeAg concentrations,
Child-Pugh class, ALD, diabetes mellitus,
and the type and duration of use of anti-
HBYV agents). Using a two-piecewise linear
regression model, the inflection point was
calculated as 0.58. On the left of the inflec-
tion point, the effect size, (95% CI), and
P value were 0.100, (—0.23, 0.42), and
0.555, respectively. We observed a positive
relationship between HBsAg and HBcrAg
concentrations on the right side of the inflec-
tion point (0.62, [0.46-0.78], P <0.001)
(Table 5).

Spearman’s correlation coefficient

Spearman’s rank correlation analysis
showed that the correlation coefficient
between HBcrAg and HBsAg concentra-
tions was 0.613 (P<0.001) in the whole
population.

Diagnostic value of HBcrAg for HBsAg
negativity
Not all HBsAg-negative patients were

HBcrAg negative. Among the 13 HBsAg-
negative patients, 2 (15.39%) patients were

Table 5. Relationship between hepatitis B surface
antigen (log o lU/mL) and hepatitis B virus core-
related antigen (log;o U/mL) (two-piecewise linear
regression).

Inflection Effect

point size (B) 95% ClI P value
<0.58 0.10 (—0.23, 0.42) 0.555
>0.58 0.62 (0.46, 0.78) <0.001

A non-linear relationship between hepatitis B surface
antigen and hepatitis B virus core-related antigen con-
centrations was detected after adjusting for sex, age,
primary hepatic carcinoma, hepatitis B e antigen concen-
trations, Child—Pugh class, alcohol-related liver disease,
diabetes mellitus, anti-hepatitis B virus agents, and the
duration of anti-hepatitis B virus agents.

Cl, confidence interval.

HBcrAg-positive. A receiver operator char-
acteristic curve analysis showed that the
area under the curve of HBcrAg for an
HBsAg-negative status was 0.918 (95%
CI: 0.873, 0.956; P<0.001), with a
Youden index of 0.799 and a cut-off of
2.8151og o IU/mL (Figure 2).

Discussion

This study showed a non-linear relationship
between HBsAg and HBcrAg concentra-
tions in patients with hepatitis B cirrhosis
and an HBV-DNA-negative status. This
finding could help establish predictive
models of hepatic adverse events, especially
in the case of liver cirrhosis.

HBsAg and HBcrAg can reflect the rep-
lication of cccDNA,>!'!'"!¥ which is associ-
ated with the progression of liver disease in
HBV infection, including cirrhosis and
hepatocellular  carcinoma. HBsAg s
already widely applied as a virological mon-
itoring marker in clinical practice. HBcrAg
is also considered a tool to monitor disease
progression'* and is a novel serological
marker of HBV replication.!” Therefore,
examining the relationship between these
two serological markers is important to
understand their respective clinical values,
particularly in patients with hepatitis B cir-
rhosis who have an HBV-DNA-negative
status.

The correlation between HBsAg and
HBcrAg has already been well studied in
CHB.>® This study showed that HBsAg
concentrations were positively associated
with HBcrAg concentrations after adjusting
for other covariables in patients with hepa-
titis B cirrhosis and an HBV-DNA-negative
status. The B value remained stable in the
crude and adjusted models after the regres-
sion analysis. Furthermore, the relationship
between them was non-linear. To the best
of our knowledge, this is the first study on
the correlation between HBsAg and
HBcrAg concentrations in patients with
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Figure 2. Diagnostic value of HBcrAg (log;o U/mL) for hepatitis B surface antigen negativity.
HBCrAg, hepatitis B virus core-related antigen; AUC, area under the curve.

hepatitis B cirrhosis and an HBV-
DNA-negative status.

The univariable analysis showed that
HBsAg concentrations were significantly
correlated with HBcrAg concentrations in
patients with hepatitis B cirrhosis and an
HBV-DNA-negative status. Age, HBeAg
concentrations, diabetes mellitus, and the
type of anti-HBV agent also showed a sig-
nificant correlation with HBcrAg concen-
trations. Although the p value was
decreased in the multivariable linear regres-
sion models after adjusting for all other cor-
related covariables, the trend of HBcrAg
concentrations gradually increasing was
still significant with an increase in HBsAg
concentrations. The Spearman’s correlation
coefficient was 0.613, which indicated that
there was a moderate correlation between
HBsAg and HBcrAg concentrations in
this population, but it is weaker than that
found in treatment-naive patients with
CHB.” Seto et al. found that serum
HBcrAg concentrations were strongly

correlated with serum HBsAg concentra-
tions (r=0.703, P<0.001) in Asian
treatment-naive patients with CHB.’ The
correlation between HBsAg and HBcrAg
can be weakened by anti-HBV agents.
A previous study showed that serum
HBcrAg concentrations were positively
associated with serum HBsAg concentra-
tions (r=0.713) at baseline in all patients
with CHB, but this correlation was remark-
ably weakened during treatment.”® Another
study, which mainly focused on HBeAg-
positive patients with CHB, showed that
serum HBcrAg concentrations were signifi-
cantly correlated with HBsAg concentra-
tions (r=0.696, P <0.001) at baseline, but
this correlation was weakened at 96 weeks
after nucleotide analog therapy (r=10.452,
P <0.001).%!

The conclusions of previous studies on
this correlation were not always consistent.
One study, which mainly focused on pegy-
lated interferon-based therapy for patients
with  CHB, showed that HBcrAg
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concentrations were not correlated with
HBsAg concentrations, even at baseline.”
Another study suggested that HBcrAg con-
centrations were weakly correlated with
HBsAg concentrations (Spearman’s corre-
lation coefficient: r=0.471, P <0.001)
in treatment-naive HBeAg-negative
patients.>® There is a weak correlation
between HBcrAg and HBsAg concentra-
tions in the natural history of patients
with hepatitis B virus infection.®

Previous studies have shown that the
correlation between HBsAg and HBcrAg
concentrations is also affected by HBeAg
concentrations in CHB.?2* Chen et al.
showed that HBcrAg concentrations were
positively correlated with HBsAg concen-

trations (r=0.564, P<0.001) among
HBeAg-positive  patients rather than
HBeAg-negative patients in treatment-

naive CHB.?* Our study showed a moderate
correlation between HBcrAg and HBsAg
concentrations in patients with hepatitis B
cirrhosis and an HBV-DNA-negative status
after adjusting for other covariables
(including HBeAg). In addition, a non-
linear association was found between
HBcrAg and HBsAg concentrations using
the GAM after adjusting for other covari-
ables (including HBeAg), which is different
from previous studies on CHB.>*°
Subgroup analysis, which can promote a
better understanding of the true relation-
ship between HBcrAg and HBsAg, is cru-
cial for scientific research. In this study,
there was a stable correlation in nearly all
covariables. The variation trend in the
value was consistent in all of the stratified
variables (e.g., sex, primary hepatic carcino-
ma, HBeAg concentrations, ALD, diabetes
mellitus, Child—Pugh Class, BCLC stage,
and the type and duration of use of anti-
HBYV agents). Previous studies showed that
anti-HBV agents could weaken the correla-
tion between HBcrAg and HBsAg concen-
trations.'>?° Consistent with this result,
there was a moderate correlation between

HBcrAg and HBsAg concentrations, and
most patients experienced a long-term his-
tory of HBV infection and/or use of anti-
HBYV agents. Nevertheless, the results are
inconsistent in most studies targeting
treatment-naive patients with CHB.>*°
The likely reason for this discrepancy
between studies is that HBsAg is translated
from mRNAs transcribed from cccDNA
and/or from HBV sequences integrated
into the host genome. HBsAg concentra-
tions can be independent of the transcrip-
tional activity of cccDNA.?>**® Therefore,
HBsAg concentrations might be affected
by age, HBV genotype, and HBV-DNA
levels.”” HBcrAg can exist stably and reflect
the activity of cccDNA, and is not affected
by preS/S variants. The production of
HBcrAg depends on mRNA transcription
from cccDNA and is barely affected by
nucleotide analog transcriptase inhibi-
tion.?>*® In this study, most patients had
a long history of HBV infection and/or
anti-HBV agent use. Therefore, the rela-
tionship between HBsAg and HBcrAg
concentrations might be  weakened.
Nevertheless, in this study, the correlation
between serum HBcrAg and HBsAg con-
centrations in hepatitis B liver cirrhosis
was clear.

The moderate correlation of serum
HBcrAg and HBsAg concentrations sug-
gested that these two indicators might not
be replaced by each other regarding their
clinical value in this population. This pos-
sibility was verified by a previous study that
evaluated the antiviral effects of long-term
antiviral  therapy.””  Another reason
HBcrAg and HBsAg cannot replace each
other is because of the unique patterns of
their distribution at different stages of HBV
infection, which results in different possibil-
ities for their applicability in clinical prac-
tice.> Furthermore, different sources of
generation also determine different clinical
values. HBcrAg is the coding product of the
pre-C/C region. As the second most
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important viral marker,” HBsAg not only
originates from the presence of abundant
circulating empty DNA, but is also synthe-
sized from integrated HBV DNA.
Therefore, serum HBsAg concentrations
reflect not only cccDNA transcription or
mRNA translation, but also host immune
control over HBV infection.?*!

In the present study, all included patients
had compensated and decompensated
hepatitis B cirrhosis and hepatitis B
cirrhosis-induced primary liver cancer. All
HBsAg- or HBV-DNA-positive patients
were recommended to have long-term anti-
viral therapy.*>>* Although some of these
patients were able to achieve HBsAg nega-
tivity after long-term antiviral therapy, a
large proportion remained HBcrAg-
positive. Therefore, the status of antiviral
therapy for hepatitis B virus can be moni-
tored by HBcrAg. The relationship between
HBsAg and HBcrAg concentrations could
be useful for the monitoring of antiviral
therapy in patients.

HBcrAg is a novel viral serum indicator
with a relatively expensive price, which
is not widely used clinically. In this
study, when HBsAg concentrations were
>0.58log;o IU/mL, the relationship
between HBsAg and HBCrAg concentra-
tions was linear. Therefore, in this case,
one indicator is sufficient for clinical detec-
tion. However, when HBsAg concentra-
tions are <0.58log;o IU/mL after antiviral
therapy or for other reasons, HBcrAg is
associated with drug withdrawal recurrence
and the occurrence of hepatocellular carci-
noma owing to the non-significant relation-
ship between them. In this case, HBcrAg
and HBsAg concentrations need to be mon-
itored simultaneously. These data could be
useful for providing a cut-off value of
HBsAg to monitor HBcrAg concentrations.

This study has many strengths. First, we
used a generalized linear model and the
GAM to evaluate the linear or non-linear
relationships between HBcrAg and HBsAg

concentrations. Second, we used strict sta-
tistical adjustments to minimize residual
confounding, which was not performed in
previous studies. Third, to the best of our
knowledge, this is the first study on the rela-
tionship between HBsAg and HBcrAg con-
centrations in patients with hepatitis B
cirrhosis and an HBV-DNA-negative status.

This study also has some limitations.
First, this was an analytical, cross-
sectional, single-center investigation in a
limited number of patients. Therefore, the
applicability of our findings to other ethnic
groups requires further verification.
Second, the dynamic correlation was not
investigated between HBcrAg and HBsAg
concentrations, which could have further
confirmed their correlation. Third, because
of the limited availability of tissue from
patients with cirrhosis, we could not inves-
tigate the relationship between HBsAg,
HBcrAg, and intrahepatic cccDNA in this
population. Fourth, the spectrum of cirrho-
sis was highly discrete. Pathological cirrho-
sis and clinically diagnosed cirrhosis are not
identical and cannot be completely inter-
changed. We could not perform stratified
analyses of reversible and irreversible cir-
rhosis. Therefore, the generalization of the
conclusions still requires further study in
stratified reversible and irreversible cirrho-
sis. We had already obtained some liver
biopsy samples from this population and
are continuing to collect samples. These
samples will be used for future research to
obtain more evidence.

Conclusion

There is a non-linear relationship between
HBcrAg and HBsAg concentrations in
patients with hepatitis B cirrhosis and an
HBV-DNA-negative status. Our findings
enhanced our understanding of the rela-
tionship between HBcrAg and HBsAg con-
centrations in this population with a long
history of HBV infection. This study was
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adjusted for various confounders and clari-
fied the relationship between them in a cir-
rhosis population through a real-world
study, which provides a basis for the estab-
lishment of prediction models. Future
research should be performed to explore
and validate the combined application of
HBcrAg and HBsAg in predicting adverse
hepatic events and the monitoring of antivi-
ral therapy in patients with hepatitis B cir-
rhosis and an HBV-DNA-negative status.
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