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Abstract

BACKGROUND AND AIMS: The clinical utility of two biomarkers, hepatitis B virus (HBV)
RNA and hepatitis B core-related antigen (HBcrAg), as compared to conventional markers of
HBYV replication and disease activity, is unclear.

APPROACH AND RESULTS: Untreated participants in the North American Hepatitis B
Research Network Adult Cohort Study were categorized by chronic hepatitis B (CHB) phases
based on HBsAg and HBeAg status and HBV DNA and alanine aminotransferase (ALT) levels.
HBV RNA and HBcrAg were measured (Abbott HBV pgRNA Research Assay and Fujirebio
Lumipulse Immunoassay, respectively), and cross-sectional associations with conventional CHB
markers were tested. Among 1,409 participants across all CHB phases, median HBV DNA was
3.8 logyg IU/mL and ALT was 34 U/L. HBV RNA was quantifiable in 99% of HBeAg* and 58%
of HBeAg™ participants; HBcrAg was quantifiable in 20% of HBeAg* (above linear range in the
other 80%) and 51% of HBeAg™ participants. Both markers differed across CHB phases (P <
0.001), with higher levels in the HBeAg* and HBeAg~ immune active phases. HBV RNA and
HBcrAg correlated moderately strongly with HBV DNA in both HBeAg+ and HBeAg™ phases
(HBV RNA: e* p=0.84;e” p =0.78; HBcrAg: e* p = 0.66; e~ p = 0.56; Pfor all, <0.001),

but with HBsAg levels among HBeAg* phases only (HBV RNA: e* p =0.71; P<0.001;e" p =
0.18; P=0.56; HBcrAg: e* p = 0.51; P<0.001; e~ p= 0.27; P< 0.001). Associations of higher
HBV RNA and HBcrAg levels with higher ALT, APRI, and Fibrosis-4 levels were consistent in
HBeAg™, but not HBeAg™, phases.

CONCLUSIONS: Despite clear relationships between HBV RNA and HBcrAg levels and CHB
phases, these markers have limited additional value in differentiating CHB phases because of
their strong association with HBV DNA and, to a lesser extent, with clinical disease indicators.
(Hepatology 2021;74:2395-2409).

Chronic hepatitis B (CHB) is a dynamic infection with different phases reflecting the
complex immune interaction between HBV and the host. Accurately identifying the phase
of CHB is important for providing advice on prognosis, monitoring disease activity, and
determining need for treatment.(1) Typically, a combination of serological (HBsAg, HBeAg),
virological (HBV virus DNA), and biochemical testing (alanine aminotransferase; ALT) are
used to obtain these goals.(t) However, these tests are not sufficient in discriminating the
phases of CHB because many patients fall into gray zones or indeterminant phases.(®

Hepatology. Author manuscript; available in PMC 2022 November 01.
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Two HBYV serum biomarkers, HBV RNA and hepatitis B core-related antigen (HBcrAg),®)
provide an opportunity to better characterize CHB, beyond currently available HBV assays.
(4=7) Understanding how these biomarkers compare to other sero-and virological markers,
as well as their utility in quantifying transcriptionally active covalently closed circular DNA
(cccDNA), might yield valuable clinical insights.(8-19) These markers might also be used

to characterize the natural history of the chronic phases of infection, assess risk of disease
reactivation after withdrawal of nucleos(t)ide analogs, and understand mechanisms of action
of antiviral agents in development for achieving functional cure.

It is well known that HBV RNA can be detected in serum of patients with CHB. However,
there is a controversy as to the source of this RNA. A recent /n vitro study suggested that
HBV RNA in serum represents partially reverse-transcribed, encapsidated pregenome RNA
(pgRNA) in virus-like particles.(1) Given that pgRNA is transcribed directly from cccDNA,
levels of HBV RNA can potentially serve as a surrogate marker for transcriptionally

active cccDNA.(12) HBcrAg is a composite biomarker incorporating several viral antigens
expressed from the pre-Core/Core gene: the HBcAg, HBeAg, and p22 core-related antigen.
(13) HBcrAg can be detected as a defective particle without a HBV genome, in virions
containing pgRNA, circulating virus, and HBeAg. Serum HBcrAg has also been shown to
correlate with cccDNA, particularly in HBeAg-positive patients, and may reflect the amount
of cccDNA in hepatocytes.(14)

Although several recent studies have reported on the clinical utility of these two virological
biomarkers in differentiating phases of CHB, they have been limited by small sample size,
omission of some phases of CHB, and inclusion of subjects with predominantly Asian

or European genotypes-(10.15-19) We took advantage of the Hepatitis B Research Network
(HBRN) Cohort Study(@0) to perform a cross-sectional analysis of levels of HBV RNA and
HBcrAg across the entire spectrum of CHB phases, including genotypes A-D, in a large
North American sample of adults with active—as well as recovered—CHB, not receiving
treatment. We evaluated the associations of these biomarkers with conventional biomarkers
of HBV replication and disease activity among those with active CHB.

Participants and Methods

HBRN

The HBRN is a research network of 28 clinical sites throughout the USA and Canada,
funded by the National Institutes of Health, initiated to study the natural history of CHB and
conduct clinical trials in both children and adults. The Adult Cohort study (NCT01263587)
enrolled HBsAg-positive subjects aged =18 years, between 2012 and 2017, who were not
currently on antiviral therapy.(?9 Participants underwent evaluation at entry, at weeks 12,
24, and every 24 weeks thereafter. Follow-up ended in January 2020. The HBRN study
protocols were approved by the institutional review boards (research ethics board in the case
of the Toronto site) of each participating institution, and each participant provided written
informed consent. Details of the study protocol were described.(2%)

Hepatology. Author manuscript; available in PMC 2022 November 01.


https://clinicaltrials.gov/ct2/show/NCT01263587

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ghany et al.

Page 4

PARTICIPANT SELECTION

Adult Cohort participants were selected for this report if they had serum available for HBV
RNA and HBcrAg testing at a time point in which they tested HBsAg negative, or a time
point within the first 48 weeks of study entry at which required test results necessary to
categorize their phase of CHB were available. Participants’ first qualifying time point was
selected. Participants without the required laboratory data or stored serum were excluded, as
were participants with acute HBV, history of HCC, or coinfection with HIV, HCV, or HDV.

CHB PHASE DEFINITIONS

Phase of disease was determined based on results of HBeAg status and HBV DNA level
obtained from the same visit and an ALT level within 12 weeks of that study visit

using predefined criteria developed by the HBRN.(? HBeAg-positive (e*) participants were
categorized as immune tolerant (IT(e™)) if HBV DNA =10° IU/mL and ALT were normal,
immune active (IA(e™)) if HBV DNA =10° IU/mL and ALT were elevated, or indeterminant
(IND(e")) if HBV DNA <10° IU/mL, regardless of ALT level. HBeAg-negative (e7)
participants were categorized as immune active (IA(e7)) if HBV DNA >10% IlU/mL and
ALT level were elevated, inactive carriers (IC(e7)) if HBV DNA <10% IU/mL and ALT
were normal, indeterminant HBV DNA low (IND(e”)DNA-L) if HBV DNA <10* IU/mL
and ALT were elevated, and indeterminant HBV DNA high (IND(e”)DNA-H) if HBV DNA
>10% IU/mL and ALT were normal. Participants with HBsAg loss during follow-up were
categorized as recovered (Rec(s7)).

CONVENTIONAL ASSAYS

Assessments during the study included detailed medical history, physical examination,
health surveys, and routine blood tests, including HBV DNA level, and HBV serologies.
Antibodies against HIV, HCV, and HDV were tested at enrollment. Quantitative HBeAg
(gHBeAg) was tested every 24 weeks for those who were HBeAg positive at enroliment
and quantitative HBsAg (qHBsAQ) every 48 weeks. Local HBV serology testing was
performed using commercially available ELISA assays. Standardized sex-specific cut-off
values were chosen to define the upper limit of normal (ULN) for ALT: 30 U/L for men
and 20 U/L for women, and categories were defined as <1.0, >1.0-2.0, or >2.0 x ULN.
Aspartate aminotransferase to platelet ratio index (APRI) and Fibrosis-4 marker (FIB-4)
were calculated as described, and standard thresholds were applied (APRI: <0.5, 0.5-2.0, or
>2.0(21) and FIB-4: <1.45, 1.45-3.25, or >3.25).(22)

HBYV DNA, gHBeAg, and gHBsAg testing were performed at an HBRN-funded virology
laboratory (University of Washington, Seattle, WA), using research blood samples stored

at -70°C.(20) HBV DNA levels were determined using a real-time PCR assay (COBAS
Ampliprep/COBAS TagMan HBV Test, v2.0; Roche Molecular Diagnostics, Branchburg,
NJ), and gHBeAg and qHBsAg were determined using Roche Diagnostics’ Elecsys platform
for research purposes (i.e., Elecsys HBeAg Il Quant and Elecsys HBsAg Il Quant assay;
Roche Molecular Systems). Lower limit of quantification and detection for HBV DNA were
20 and 10 1U/mL, respectively; values below these thresholds were randomly imputed using
uniform distributions (10-<20 and 0-<10 1U/ mL, respectively). The lowest quantifiable/
detectable value for gHBsAg was 0.05 1U/mL and for gHBeAg was 0.30 IU/mL; evaluation

Hepatology. Author manuscript; available in PMC 2022 November 01.
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of gHBeAg and qHBsAg was limited to participants with detectable values. HBV DNA,
gHBsAg, and gHBeAg are reported on the logyq scale. HBV genotype was determined based
on mass spectrometry, at the Molecular Epidemiology and Bioinformatics Laboratory in

the Division of Viral Hepatitis at the Centers for Disease Control and Prevention (Atlanta,
GA).(23)

HBV RNA was isolated from plasma and amplified as described by Butler et al.,(24)

using the m2000 system (Abbott Molecular; Department of Infectious Diseases, Abbott
Diagnostics, Abbott Park, IL), and results are presented as log;g U/mL. Levels below
quantification (<1.65 logyg U/mL) were randomly imputed using a uniform distribution
(0.01-<1.65 logyg U/mL). Nondetected HBV RNA levels were set to 0 logig U/mL. HBcrAg
serum concentrations were measured using a chemiluminescence enzyme immunoassay
(Lumipulse G HBcrAg assay by Fujirebio Europe, Gent, Belgium). The assay has a linear
measurement range of 3.0-6.8 log;o U/mL, with 3 log1g U/mL being the detection limit.
Dilution was not performed for samples with concentrations >6.8 log;g U/mL. HBcrAg
levels were categorized as <3, 3-<4, 4-<5, 5-<6, 6-<6.8, and =6.8 log,o U/mL.

STATISTICAL ANALYSIS

Demographic and clinical characteristics of participants are summarized overall and by
HBV phase, as median and interquartile range (IQR; 25th-75th percentiles) for continuous
variables, and frequencies (percentage) for categorical variables. All analyses were stratified
by HBeAg status and limited to HBsAg-positive participants. Characteristics were compared
across CHB phases using the Kruskal-Wallis, chi-square, or Fisher’s exact test, as
appropriate. Box plots and stacked bar charts were used to visualize the distributions of
HBV RNA (continuous) and HBcrAg (ordinal), respectively, by phases and by genotypes,
and the Kruskal-Wallis and Fisher’s exact tests were used for comparisons.

Scatter plots and box plots were used to visualize the distribution of HBV DNA, gHBeAg,
and gHBsAg by HBV RNA and by HBcrAg, respectively. Associations were tested with
Spearman’s rank correlation (p). Box plots and stacked bar charts were used to visualize the
distributions of HBV RNA, HBcrAg, HBV DNA, and gHBsAg, respectively, by ALT, APRI,
and FIB-4 categories, and a series of multinomial logistic regression models were used to
test the odds of higher ALT, APRI, or FIB-4 categories, versus the lowest category, by HBV
RNA, HBcrAg, HBV DNA, and qHBsAg, respectively. Modeling was repeated, adjusting
for age and body mass index (BMI), with the exception that the FIB-4 models, which were
adjusted for BMI only because age is part of the FIB-4 score. Finally, box plots were used
to visualize the distribution of HBV RNA by HBcrAg categories, and the association was
tested with Spearman’s rank correlation (p). For box plots, each box represents the first
(lower end) to third (upper end) quartiles (IQR); the horizontal line in each box represents
the median. The vertical line at either end of the box extends to the most extreme values or
is cut off at 1.5 times the IQR. Analyses were conducted using SAS software (version 9.4;
SAS Institute Inc., Cary, NC).

Hepatology. Author manuscript; available in PMC 2022 November 01.
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CHARACTERISTICS OF THE COHORT

Among 2,018 adult participants, 1,409 (373 HBeAg positive, 978 HBeAg negative, and

58 who lost HBsAg in follow-up) met inclusion criteria, 609 having been excluded (167
for acute HBV infection or coinfection with HIV, HCV, or HDV and 442 for lack of a
research serum sample available at the qualifying time points; Supporting Fig. S1). Per
exclusion criteria, no participants were currently taking antiviral therapy. However, 14%
had previously received antiviral therapy; median (IQR) time between last use of antiviral
therapy and assessment was 4.1 (1.3-7.9) years. Median age of participants was 41 years;
49% were female, 76% Asian, 10% White, 11% Black, and 3% other/mixed race. Genotype
distribution was: A, 16%; B, 40%; C, 34%; D, 7%,; and other, 3%. Median HBV DNA
was 3.8 logqp IU/mL, and median ALT was 34 U/L. CHB phase allocation is shown in
Supporting Fig. S2, with the highest percentage (29%) in IND(e”)DNA-L phase, roughly
20% in each of 1A(e*), IA(e7), and IC(e™) phases, and 4% in Rec(s™) phase. Demographic
and clinical characteristics of participants, overall and by phase, are reported in Table

1. Among HBeAg-positive phases, there were significant differences in distributions of
age, sex, ALT categories, platelets, APRI categories, and all viral makers (HBV DNA,
qHBeAg, gHBsAg, HBV RNA, and HBcrAg), but not in race, treatment history, genotype,
or FIB-4 categories. Among HBeAg-negative phases, there were significant differences in
distributions of all examined factors except treatment history.

HBV RNA AND HBcrAg LEVELS AND PHASES OF CHB

HBV RNA was quantifiable in 99% of HBeAg-positive, 58% of HBeAg-negative, and

4% of HBsAg-negative participants. HBcrAg was present within the quantifiable range

of the assay in 20% of HBeAg-positive (detectable but above limit of quantification in

the other 80%), 51% of HBeAg-negative, and 12% of HBsAg-negative participants. HBV
RNA and categories of HBcrAg levels were strongly correlated independent of HBeAg
status (Supporting Fig. S3; e*: p = 0.65; £< 0.001; e™: p = 0.61; £< 0.001), and both
differed across HBeAg-positive as well as HBeAg-negative phases (Fig. 1A,B). In general,
HBYV RNA and HBcrAg levels were higher among HBeAg-positive than HBeAg-negative
participants and lowest in HBsAg-negative participants. However, levels were similar in
IND(e*) and I1A(e™). Among HBeAg-positive participants, median HBV RNA levels were
similar among those in IT(e*) and 1A(e*) phases (7.1 and 7.3 log1g U/ mL, respectively)
and markedly lower among those in IND(e*) phase (3.1 logig U/mL). Among the HBeAg-
negative participants, HBV RNA levels were highest among those in IA(e™) phase (3.6 logyg
U/mL), followed by those in IND(e")DNA-H phase (2.9 logig U/mL), and lowest among
participants in IC(e™) and IND(e—) DNA-L phases (1.3 and 1.4 logyg U/mL, respectively).
Median HBV DNA/HBV RNA ratios were ~1 among HBeAg-positive participants, >1
among HBeAg-negative participants with highest ratios among IC(e™) and IND(e”)DNA-L
phases (1.9 and 1.7, respectively), and <1 among HBsAg-negative participants (Table 1;
Supporting Fig. S4). Median HBV DNA/HBYV RNA ratios were similar across genotypes
A-D irrespective of HBeAg status (Supporting Fig. S5).

Hepatology. Author manuscript; available in PMC 2022 November 01.
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Among the HBeAg-positive participants, the majority of 1T(e*) (82%) and 1A(e*) (87%)
participants had HBcrAg values above the upper limit of quantification (=6.8 logig U/mL)
compared to only 4% of IND(e*) participants (Table 1). Among the HBeAg-negative
participants, the majority of 1A(e™) (92%) participants had values above the lower limit

of quantification, with most having values 3-< 6 logig U/mL and only 7% with values
above the upper limit of quantification. By contrast, the majority of those in IC(e™) (70%)
and IND(e™) DNA-L (60%) phases had values below the lower limit of quantification, and
most of the remainder had values between 3 and <5 logig U/mL (Table 1). IND(e”)DNA-
H participants had intermediate HBcrAg levels between that of 1A (e™) and IC(e™)/
IND(e-)DNA-L participants.

ASSOCIATIONS BETWEEN HBV RNA AND HBcrAg LEVELS AND QUANTITATIVE HBV
DNA, HBeAg, AND HBsAg LEVELS

HBV RNA levels correlated strongly with HBV DNA levels independent of HBeAg status
(Fig. 2A; HBeAg positive p = 0.84; £< 0.001; HBeAg negative p = 0.78; A< 0.001)

and with gHBeAg (Supporting Fig. S6A; p = 0.55; £< 0.0001) and gHBsAg (Fig. 3A;
HBeAg-positive p = 0.71; £< 0.001) among HBeAg-positive phases. Correlation between
HBV RNA and gHBsAg was significant but weak among HBeAg-negative phases (Fig. 3A,;
p =0.18; £<0.0001).

Similarly,HBcrAg levels correlated strongly with HBV DNA levels independent of HBeAg
status (Fig. 2B; HBeAg positive p = 0.66; £< 0.001; HBeAg negative p = 0.56; P<

0.001) and with gHBeAg (Supporting Fig. S6B; p = 0.67; £< 0.0001) and moderately

with gHBsAg among HBeAg-positive phases (Fig. 3B; HBeAg positive p = 0.51; P<
0.001). Correlation between HBcrAg and qHBsAg was significant but weak among HBeAg-
negative phases (Fig. 2B; p = 0.27; £<0.001).

ASSOCIATIONS BETWEEN HBV RNA AND HBcrAg LEVELS AND GENOTYPE

To assess whether the observed associations with virological markers (HBV DNA, gHBeAg,
and gHBsAQ) were influenced by genotype, we explored the HBV RNA and HBcrAg
distributions by genotype. Among HBeAg-positive participants, there were no significant
differences in either HBV RNA (Supporting Fig. S7; P=0.48) or HBcrAg (Supporting Fig.
S8A; P=0.43) levels by genotype. However, among HBeAg-negative participants, there
were significant differences in both HBV RNA and HBcrAg levels by genotype (Supporting
Figs. S7 and S8B; P< 0.0001; A< 0.01, respectively), with higher median HBV RNA levels
(logqg U/L) in genotype B (2.3) and lower levels in genotype D (1.5) compared to genotypes
A, C, and E (all 1.9). HBcrAg levels also appeared highest in genotype B (e.g., 29.4%
HBcrAg =4 logyg U/L), followed by C (24.7%), E (20.0%), A (15.9%), and D (14,5%).

As a sensitivity analysis, among HBeAg-negative participants, multivariable linear and
ordinal logistic regression models evaluated whether genotype was related to HBV RNA and
HBcrAg levels, respectively, independent of HBV DNA. Genotype was not independently
related to HBV RNA (£ = 0.28), but was independently related to HBcrAg (P < 0.01),

with higher adjusted values in genotypes B and C versus A and D. HBV genotypes did

not influence the association between HBV RNA and HBcrAg levels and other virological
markers (data not shown).

Hepatology. Author manuscript; available in PMC 2022 November 01.
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ASSOCIATIONS BETWEEN HBV RNA, HBcrAg, HBV DNA, AND HBsAg LEVELS AND LIVER
DISEASE MARKERS

Among HBeAg-positive participants, there was a weak positive association between HBV
RNA levels and ALT categories (P< 0.01), whereas associations with APRI (P= 0.25) and
FIB-4 (P= 0.56) categories were not significant (Fig. 4). HBcrAg levels were not associated
with ALT (P=.08), APRI (P=0.67), or FIB-4 (P=0.27; Supporting Fig. S9A,C,E), nor
were HBV DNA levels (ALT, P=0.06; APRI, P=0.71; FIB-4, P=0.59). Finally, there
was not a significant association between qHBsAg level (logig U/mL) and ALT (P = 0.25),
whereas associations with APRI (P< 0.001) and FIB-4 (P< 0.001) were in the opposite
direction, with a higher HBsAg level associated with lower odds of higher FIB-4 categories
(Supporting Fig. S11). In general, adjusting for age and BMI strengthened associations
(Supporting Table S1); for example, HBV RNA was associated with higher APRI (P=
0.045), and HBcrAg and HBV DNA were associated with higher ALT (P=0.01 and P<
0.01, respectively). However, gHBsAg was no longer inversely associated with APRI (P=
0.10).

Among HBeAg-negative participants, there were significant associations between higher
HBV RNA levels (Fig. 4) and HBcrAg levels (Supporting Fig. S9B,D,F), respectively, with
higher ALT, APRI, and FIB-4 categories, respectively (P for all, <0.0001). Associations with
HBYV DNA level (logg U/mL) mimicked those with HBV RNA (Supporting Fig. S10; P

for all, <0.001). In contrast, the association between gHBSAg level (logyg U/mL) and ALT
(P<0.001) was weaker, not quite significant with APRI (£=0.08), and in the opposite
direction with FIB-4 (P=.01), with a higher HBsAg level associated with a lower odds of a
higher FIB-4 category (Supporting Fig. S11). Adjusting these models for age and BMI had
a negligible impact on associations (Supporting Table S2). However, the positive association
between qHBsAg and APRI categories was strengthened with adjustment for age (= 0.01).

Discussion

In this study of 1,409 North American participants with CHB, we examined whether the
HBV biomarkers, HBV RNA and HBcrAg, which are claimed to be better surrogates

of hepatic cccDNA transcriptional activity,(12,14) can further discriminate CHB phase
compared to conventional viral markers (HBeAg, HBV DNA, and quantitative HBSAQ).
We observed that although both HBV RNA and HBcrAg levels were significantly correlated
with HBV DNA levels, they had little to no correlation with ALT levels in HBeAg-positive
participants. Although HBV RNA and HBcrAg levels were correlated with ALT levels

in HBeAg-negative participants, they did not provide substantial discriminating capability
to separate IND(e”)DNA-L, from the IC(e™) group given that they essentially mirrored
HBYV DNA levels in this cross-sectional analysis. We postulate that many of these HBeAg-
negative indeterminant participants with low HBV DNA, yet elevated ALT, may have
concomitant fatty liver disease, as reflected by higher BMI and higher prevalence of
diabetes, but this will require longitudinal follow-up to confirm. However, this large study,
which includes all phases of chronic HBV infection and major HBV genotypes, provides
valuable insights on our understanding of CHB.
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First, similar to previous studies, we confirmed that there are strong associations between
HBYV RNA and HBV DNA levels among both HBeAg-positive and -negative participants.
(15-17.25) Regardless of phase of CHB, HBV RNA levels mirrored those of HBV DNA,
albeit 1-2 logs lower, with the highest HBV RNA values observed in IT(e*) and

IA(e"), intermediate in IA(e7), IND(e*), and IND(e")DNA-Hi and lowest in IC(e™) and
IND(e”)DNA-L. The ratio of HBV DNA/HBV RNA was ~1 among HBeAg-positive,

>1 among HBeAg-negative, and <1 among HBsAg-negative participants. The reason for
an apparent increase in HBV DNA level over HBV RNA level among HBeAg-negative
participants is uncertain. It is possible that this represents integrated HBV DNA detected
by the PCR assay. In HBeAg-positive, participants, the contribution of HBV DNA from
integrated HBV DNA would likely be minimal, but may increase given that cccDNA levels
decline following HBeAg loss. Alternatively, after HBeAg loss, viral transcription may

be more repressed compared to replication.(26) In contrast to the relationship with HBV
DNA, the correlation between HBV RNA and gHBsAg levels was modest and limited

to HBeAg-positive CHB patients. The lack of correlation between HBsAg levels and

HBV RNA in HBeAg-negative patients supports the emerging concept that the source of
circulating HBsAg in many HBeAg-negative patients is integrated HBV DNA, not cccDNA.
(@7) Inclusion of indeterminant phases is a noteworthy aspect of this study and shows that
HBV RNA values add little beyond HBeAg and HBV DNA in determining assigned CHB
phase.

Second, we found a small, but significant, difference in HBV RNA levels across genotypes
A-E among HBeAg-negative, but not HBeAg-positive, patients, with higher levels in HBV
genotype B and lower levels for genotype D, compared to genotypes A, C, and E. This
corroborates a previous study from Europe where patients with HBV genotype B had the
highest HBV RNA levels compared to HBV genotype D, although these differences were

no longer significant after adjustment for HBeAg status.(28) Sequence differences between
genotypes that affect the secondary structure of the pgRNA (epsilon), which binds the HBV
polymerase, have been suggested as an explanation for the differential detection of HBV
RNA by HBV genotype.(?> However, differences in HBV RNA by genotype were no longer
significant after adjustment for HBV DNA, indicating that the associations with genotype
and HBV RNA may have been driven by differing HBV DNA levels (e.g., higher HBV
DNA in genotype B). Conversely, genotype was associated with HBcrAg level in unadjusted
and adjusted analysis (i.e., independent of HBV DNA). This finding is contrary to most
other studies,(%:14.29) though previous data are generally more limited. The reasons for the
difference in results between HBV RNA and HBcrAg are not clear, but may be related to
the strong correlation between HBV DNA and HBV RNA versus between HBV DNA and
HBcrAg.

Third, we found that both HBV RNA and HBcrAg levels were consistently positively
associated with liver disease markers (ALT, APRI, and FIB-4) among HBeAg-negative,
but not HBeAg-positive participants, although some associations among HBeAg-positive
participants were stronger after adjustment for age and BMI. The exact reasons for these
differences are unclear. As potential biomarkers of cccDNA transcription, they reflect
and mirror the high viral replication rates among HBeAg-positive participants, but do
not provide information on the host immune response and therefore cannot discriminate
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between those with normal and elevated ALT levels. In contrast, among HBeAg-negative
patients where viral replication is more closely linked with disease activity, HBV RNA
and HBcrAg levels might provide additional evidence of virally mediated liver disease. In
this regard, it would be of interest to determine whether there are associations between

the HBV transcriptional biomarkers and immunological correlates of disease activity, such
as proinflammatory cytokines, in those with and without elevated ALT levels. Similarly,
other studies have found that qHBsAg levels, which are a more indirect marker of cccDNA
activity, provide additional prognostic information in HBeAg-negative patients with low
HBV DNA, but not in those with high HBV DNA levels.(3%-32) Additionally, the ability
of HBV RNA and HBcrAg to differentiate HBV phases among HBeAg-negative subjects
is hampered by their limited sensitivity: 1.65 log U/mL for HBV RNA and 3.0 log U/mL
for HBcrAg. Thus, in HBeAg-positive patients with high HBV DNA levels, HBV RNA
and HBcrAg levels provide more direct evidence of HBV replication. By contrast, in
HBeAg-negative patients, other markers of cccDNA activity—HBYV RNA, HBcrAg, and
gHBsAg—may provide additional prognostic information on HBV-mediated liver disease.

Although the biomarkers HBV RNA and HBcrAg did not contribute additional information
compared to conventional markers in classifying phases of CHB, they provide support

for hypotheses that the IND(e*) group was probably on the way to spontaneous HBeAg
clearance given lower HBV RNA and HBcrAg levels, whereas the IND(e")DNA-L group
likely represent inactive carriers with concomitant fatty liver disease accounting for the
elevated ALT levels, given that they not only had low HBV DNA, but also low HBV

RNA, low HBcrAg levels, and similar HBV DNA/ HBV RNA ratios to IC(e™). The two
biomarkers also provided assurance that the HBsAg-negative participants likely had low
cccDNA activity because only 3% had quantifiable HBV RNA and only 12% had HBcrAg
above the lower limit of quantification.

There were several limitations to this study. First, as a cross-sectional analysis, we were
unable to assess the role of the two markers to predict phase transitions. It is possible that
changes in HBV RNA and HBcrAg levels may predate or predict phase transitions and
provide better indications when antiviral treatment should be initiated or deferred. Future
evaluation of longitudinal samples in our cohort will address these issues. Second, we
were unable to examine the role of HBV RNA and HBcrAg in monitoring response during
antiviral treatment or in predicting relapse after treatment withdrawal in this study given that
all participants were required to be off treatment at study enrollment. Indeed, monitoring
therapeutic responses appears to represent the major utility of HBV RNA and HBcrAg
testing.(312) Presently, these biomarkers should continue to be used as research tools until
more studies are performed to confirm their clinical utility.

In summary, HBV RNA and HBcrAg, at a single time point, offer limited advantages over
currently approved assays in characterizing the phase of chronic HBV infection, but may
have a role in assessing the efficacy of antiviral agents in development. Characterization
of CHB phases may be relevant in the rapidly evolving arena of HBV therapeutics, where
potentially aligning subtypes of patients based on these markers with specific therapeutic
approaches may be envisioned. The detailed virological and clinical characterization of
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CHB phases provided by this representative North American cohort study provides a solid
foundation for such future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HBcrAg categories by CHB phase. (A) HBeAg-positive participants depicted by red boxes
and HBeAg-negative participants by blue boxes. In box-whisker plots, upper and lower ends
of the boxes = upper and lower quartiles, horizontal line = median, and upper and lower
whiskers = highest and lowest observations. n = numbers of participants in each CHB phase.
(B) Green bars = HBcrAg below lower limit of detection, brown bars = HBcrAg 3-< 4 U/L,
blue bars = HBcrAg 4-< 6.8 U/L, and red bars = HBcrAg =6.8 U/L. Abbreviations: LLQ,
lower limit of quantification; ULQ, upper limit of quantification.
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FIG.2.
HBV DNA (logyg 1U/mL) by HBV RNA (logyg U/ mL) and HBcrAg (logyg U/mL)

categories, respectively. (A) HBV DNA by RNA. HBV DNA by HBcrAg categories. (A)
HBeAg-positive participants represented by red triangles and HBeAg-negative participants
represented by blue circles. (B) HBeAg-positive participants depicted by red boxes and
HBeAg-negative participants by blue boxes. In box-whisker plots, upper and lower ends
of the boxes = upper and lower quartiles, horizontal line = median, and upper and

lower whiskers = highest and lowest observations. Abbreviations: LLQ, lower limit of
quantification; ULQ, upper limit of quantification.
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FIG.3.
HBsAg(logig IU/mL) by HBV RNA (logqg U/mL) and HBcrAg (logig U/mL), respectively.

(A) HBsAg by HBV RNA. HBsAg by HBcrAg categories. (A) HBeAg-positive participants
represented by red triangles and HBeAg-negative participants represented by blue circles.
(B) HBeAg-positive participants depicted by red boxes and HBeAg-negative participants
by blue boxes. In box-whisker plots, upper and lower ends of the boxes = upper and

lower quartiles, horizontal line = median, and upper and lower whiskers = highest and
lowest observations. *The lowest value of —3.0 HBsAg (log1g 1U/mL) corresponds to 0.001
HBsAg (IU/mL). Abbreviations: LLQ, lower limit of quantification; ULQ, upper limit of
quantification.
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HBV RNA (log1g U/mL) by ALT (ULN), APRI, and FIB-4 categories. (A) HBV RNA by
ALT. (B) HBV RNA by APRI. HBV RNA by FIB-4. (A,B,C) HBeAg-positive particpants
represented by red boxes and HBeAg-negative participants by blue boxes. In box-whisker
plots, upper and lower ends of the boxes = upper and lower quartiles, horizontal line =
median, and upper and lower whiskers = highest and lowest observations.
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