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Hepatitis B virus RNA decline without concomitant viral
antigen decrease is associated with a low probability of
sustained response and hepatitis B surface antigen loss
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tant hepatitis B surface antigen (HBsAg) decrease. How this relates to off-treatment
Aim: To study the degree of on-treatment viral antigen decline among patients with
pronounced HBV RNA decrease in relation to off-treatment sustained response and
HBsAg loss.
Methods: HBV RNA, HBsAg and hepatitis B core-related antigen (HBcrAg) were
quantified in patients with chronic hepatitis B who participated in two randomised
controlled trials of peginterferon-based therapy. Sustained response (HBV DNA
<2000 IU/mL) and/or HBsAg loss were assessed in patients with and without ontreatment HBV RNA response (either >2 log HBV RNA decline or >1 log decline resulting in an undetectable value at on-treatment week 24), stratified by concomitant
HBsAg decline (<0.5/0.5-1/>1 log).
Results: We enrolled 279 patients; 176 were hepatitis B e antigen (HBeAg)-positive,
and 103 were HBeAg-negative. Sustained response was achieved in 20.4% of patients. At on-treatment week 24, HBV RNA response was associated with higher
sustained response rates (27.4% vs 13.0% in non-responders, P = 0.004). However,
among patients with an HBV RNA response (n = 135), 56.4% did not experience >0.5
log HBsAg decline. Among HBV RNA responders, sustained response was achieved
in 47.6% of those with >1 log HBsAg decline (n = 20/42), vs 16.0% with <0.5 log
decline (n = 12/75, P = 0.001). Similar results were obtained with HBcrAg and when
response was defined as HBsAg loss.
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Conclusions: In this cohort, many patients with HBV RNA response during peginterferon-based treatment did not experience HBsAg and/or HBcrAg decline. The absence of concomitant decline in these viral antigens was associated with low rates of
treatment response and HBsAg loss. Future trials should therefore consider kinetics
of combined biomarkers to assess anti-viral efficacy.
Trial registration, ClinicalTrials.gov: NCT00114361, NCT00146705.

1 | I NTRO D U C TI O N

to long-term off-treatment response is yet unclear. 26 We therefore
aimed to study the degree of on-treatment HBsAg and HBcrAg de-

Chronic hepatitis B (CHB) infection is one of the main causes of end1

stage liver disease and hepatocellular carcinoma (HCC). The optimal

cline among patients with pronounced HBV RNA decrease, both in
relation to off-treatment sustained response and HBsAg loss.

goal of anti-viral treatment is the achievement of an off-treatment
sustained response to reduce the incidence of HCC and limit the
progression of liver disease. 2 However, this remains difficult to
achieve, as covalently closed circular DNA (cccDNA) persists in the
hepatocytes.3-5 On-treatment maintained viral suppression is there-

2 | PATI E NT S A N D M E TH O DS
2.1 | Study population

fore a second-best alternative.
While novel compounds are emerging, current therapeutic op-

For the current study, we enrolled chronic hepatitis B (CHB) patients

tions are still limited to nucleo(s)tide analogues (NAs) and pegylated

who participated in two global randomised controlled trials (the

interferon (PEG-IFN). Nucleo(s)tide analogues are well tolerated and

99-01 and PARC study; trial registration numbers NCT00114361

suppress HBV replication effectively.6 Nonetheless, nucleo(s)tide

and NCT00146705). Detailed information regarding inclusion crite-

analogues do not directly affect cccDNA7 and are therefore associ-

ria and study design have been described elsewhere. 27,28 In short,

ated with a limited off-treatment sustained response rate.

8,9

A finite

the 99-01 study enrolled hepatitis B e antigen (HBeAg)-positive

duration of PEG-IFN can result in higher sustained response rates, as

patients (n = 266), who were randomised to treatment with PEG-

it is able to inhibit HBV transcription and reduces the production of

IFN alpha-2b 100 µg/week plus lamivudine 100 mg/day or PEG-IFN

viral particles through targeting cccDNA.10 However, sustained re10-12

sponse is only achieved in a limited proportion of patients.

plus placebo for 52 weeks. 27 In the PARC study, HBeAg-negative

PEG-

patients (n = 133) were treated with PEG-IFN alpha-2a 180 µg/week

IFN therapy is currently experiencing a revival, as it may be more

monotherapy or PEG-IFN combination therapy with the addition of

effective when combined with novel anti-virals.13,14

ribavirin 1000-2000 mg for 48 weeks. 28 Response was assessed at

Eradication of intrahepatic cccDNA is considered to be a crucial

6 months after therapy discontinuation (end of follow-up; EOF). For

step in the clearance of the hepatitis B virus (HBV), and monitoring

both studies, eligible patients had been HBsAg positive for at least

its kinetics during therapy is highly desirable. However, cccDNA can

6 months, had a serum HBV DNA level of more than 10 000 copies/

only accurately be quantified invasively by liver biopsy. Therefore,

mL (equals ± 2000 IU/mL) and an elevated ALT greater than 1.5-2

non-invasive serological markers that correlate with intrahepatic

times the upper limit of normal (ULN) within 8 weeks before ran-

replicative activity of HBV are needed to assess the efficacy of

domisation. The original study protocols were in line with the ethical

(novel) anti-viral agents in CHB patients.

guidelines of the 1975 Declaration of Helsinki and approved by the

Recently, hepatitis B virus (HBV) RNA has emerged as a potential

medical ethical committees. Both the 99-01 and PARC studies dem-

prognostic biomarker for treatment response, as it correlates with

onstrated that combination therapy was not superior to PEG-IFN

transcriptional activity of cccDNA and therefore may reflect intrahe-

monotherapy, and data were therefore pooled for the current analy-

patic replication activity.15-18 Recent studies suggest that a decline in

sis. 27,28 For the current study we selected patients from the original

serum HBV RNA levels during treatment with nucleo(s)tide analogues

studies if data were available for our primary outcome (sustained

or PEG-IFN is associated with treatment response, although overall de-

response) and a baseline HBV RNA measurement was available.

19-24

clines during treatment were limited.

Interestingly, recent phase 1

studies of novel capsid assembly modifiers have shown substantially
stronger HBV RNA declines, which has been interpreted as a possible
sign of a more potent effect on the intrahepatic HBV reservoir.25

2.2 | Serum HBV RNA, HBsAg and HBcrAg
quantification

However, besides the observed decline in serum HBV RNA during
capsid assembly modifiers therapy, little changes in hepatitis B sur-

HBV RNA was quantified from serum samples using rapid amplifi-

face antigen (HBsAg) and hepatitis B core-related antigen (HBcrAg)

cation of complimentary DNA (cDNA)-ends (RACE)-based real-time

concentrations were observed in these patients. 25 How this relates

polymerase chain reaction (PCR) at a central laboratory (University
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Hospital Leipzig, Germany). The PCR technique has been described
19

previously.

TA B L E 1

Patient characteristics

The lower limit of detection (LOD) for HBV RNA in

this assay was 800 copies/millilitre (c/mL). 29 Quantitative HBsAg

HBeAg-positive
(n = 176)

HBeAgnegative
(n = 103)

levels were assessed using Abbott Architect (Abbott, Abbott Park,

Characteristics

IL). The assay's LOD for HBsAg levels was 0.05 IU/mL. HBcrAg was

Age at inclusion, years
(median, IQR)

32 (23-41)

41 (33-50)

quantified using the Lumipulse® G HBcrAg assay (Fujirebio Europe).
The LOD of HBcrAg measurements was 100 U/mL (2 log U/mL).30

Male (n, %)

135 (76.7)

74 (71.8)

As HBcrAg partially depends on HBeAg-status and is low or un-

Race (n, %)
Caucasian

116 (65.9)

98 (95.1)

Asian

43 (24.4)

3 (2.9)

Other

17 (9.7)

2 (1.9)

detectable in most HBeAg-negative patients during therapy,30 the
relationship between HBcrAg and response was assessed in the
HBeAg-positive subgroup only.

HBV genotype (n, %)

2.3 | Endpoints

A

53 (30.1)

15 (14.6)

B

18 (10.2)

0 (0)

Primary outcomes were sustained response and HBsAg loss.

C

35 (19.9)

2 (1.9)

D

64 (36.5)

81 (78.6)

Other

6 (3.4)

5 (4.9)

Sustained response was defined as HBV DNA <2000 IU/mL
6 months after end of treatment. HBsAg loss was assessed at end of
follow-up and during long-term follow-up.

23,27,28

Study treatment (n, %)

HBV RNA, HBsAg

and HBcrAg levels were measured at baseline, on-treatment week

PEG-IFN mono

86 (48.9)

52 (50.5)

12, on-treatment week 24, end of treatment (EOT) and during fol-

PEG-IFN + LAM

90 (51.1)

NA

PEG-IFN + RBV

NA

51 (49.5)

6.8 (1.2)

4.3 (0.9)

low-up. HBV RNA response was defined as HBV RNA decline of either >2 log or an HBV RNA decline or >1 log which resulted in HBV

Laboratory results at baseline

RNA level below the LOD. HBsAg decline was categorised as <0.5

HBV RNA a (mean, ±SD)

log, 0.5-1 log and >1 log. HBcrAg decline was categorised as <1 log,

b

1-3 log and >3 log. For this study, we assessed HBV RNA response
and concomitant HBsAg or HBcrAg decline at on-treatment week
24. For sensitivity analysis, HBV RNA response at different time
points (on-treatment week 12 and EOT) and in different subgroups
(HBeAg-status and type of treatment) was also assessed.

2.4 | Statistical analysis
Statistical analysis was performed using IBM SPSS for Windows ver-

HBsAg (mean, ±SD)

4.4 (0.7)

3.8 (0.5)

HBV DNAb (mean, ±SD)

8.3 (1.0)

6.0 (1.2)

HbcrAgc (mean, ±SD)

8.3 (0.7)

5.1 (1.2)

Abbreviations: HBcrAg, hepatitis B core-related antigen; HBeAg,
hepatitis B e antigen; HBsAg, quantitative hepatitis B surface antigen;
HBV, hepatitis B virus; IQR, interquartile range; LAM, lamivudine; n,
number; NA, not applicable; PEG-IFN, peginterferon; RBV, ribavirin; SD,
standard deviation.
a

Logarithmic scale, copies/mL.

b
c

Logarithmic scale, IU/mL.

Logarithmic scale, U/mL.

sion 25.0 (SPSS Inc). Descriptive data were reported as percentages,
means (±standard deviation; SD) and medians (with interquartile

Table 1. Mean baseline HBV RNA levels were 5.9 log c/mL (±1.6) in

range; IQR) when appropriate. Data were tested for significance

the overall study population. HBV RNA levels were higher in HBeAg-

using chi-squared test, Fisher's exact test or student's t-test where

positive patients; 6.8 log c/mL (±1.2) compared to 4.3 log c/mL (±0.9)

appropriate. Univariate logistic regression analysis was used to es-

in HBeAg-negative patients. Baseline HBV RNA levels were already

timate odds ratios (ORs) of HBsAg decline for sustained response

below the LOD in 12 patients (4.3%). Mean quantitative HBsAg lev-

in patients with HBV RNA response at on-treatment week 24.

els were 4.2 log IU/mL (±0.7) at baseline. In HBeAg-positive patients

Differences were considered statistically significant when P ≤ 0.05.

mean baseline HBcrAg levels were 8.3 log U/mL (±0.7). In the overall

Graphic representation of the results was performed using Graph

population, sustained response was achieved in 57 patients (20.4%)

Pad Prism version 5 for Windows (GraphPad Software).

and HBsAg loss in 18 patients (6.5%).

3 | R E S U LT S

3.2 | On-treatment HBV RNA response is
associated with sustained response and HBsAg loss

3.1 | Patient characteristics

HBV RNA data at on-treatment week 24 were available in 258/279
This study included 279 patients; 176 HBeAg-positive, 103 HBeAg-

patients. Of those, 135 experienced an HBV RNA response (52.3%)

negative. Baseline characteristics of these patients are displayed in

at week 24 of therapy. Patients with an HBV RNA response had

|
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(A)

(A)

100

SR no
log HBsAg (IU/mL)

80
60
%
40
27.4%
20

13.0%

–1
SR yes
–2

10.4%

p = 0.001

0.8%

0
No

0

HBsAg loss
(p = 0.001)

Sustained response
(p = 0.004)

Yes
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–3

No

Yes

HBV RNA response at week 24

BL
(B)

wk12

wk24

EOT

EOF

0

100

HBsAg loss
(p < 0.001)

Sustained response
(p = 0.001)

80
60
47.6%

%
40
20

31.3%

SR no
–2
SR yes
–3
p = 0.002
–4
BL

1.3%

0

5

–1

28.6%

16.0%

<0.

log HBcrAg (U/mL)

(B)

-1

0.5

>1

5

<0.

6.3%

-1

0.5

>1

HBsAg decline at week 24
F I G U R E 1 (A) Rates of sustained response (HBV DNA
<2000 IU/mL) and hepatitis B surface antigen (HBsAg) loss in
patients with and without hepatitis B virus (HBV) RNA response at
on-treatment week 24 (n = 258). (B) Rates of sustained response
and HBsAg loss in subgroup of patients with HBV RNA response at
on-treatment week 24 (n = 133), stratified by HBsAg decline (<0.5,
0.5-1 or >1 log). HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus

wk12

wk24

EOT

EOF

F I G U R E 2 (A) Hepatitis B surface antigen (HBsAg) decline
during treatment and follow-up in patients with an hepatitis B
virus (HBV) RNA response at on-treatment week 24, stratified
by patients with and without sustained response (HBV DNA
<2000 IU/mL; SR). (B) Hepatitis B core-related antigen (HBcrAg)
decline during treatment and follow-up in patients with an HBV
RNA response at on-treatment week 24, stratified by patients with
and without SR. Assessed in patients with positive hepatitis B e
antigen (HBeAg) at baseline. P-value for comparison at week 24. BL,
baseline; EOF, end of follow-up; EOT, end of treatment; HBcrAg,
hepatitis B core-related antigen; HBsAg, hepatitis B surface
antigen; SR, sustained response; wk, week

Among the HBeAg-negative patients with an HBV RNA response
significantly higher rates of sustained response and HBsAg loss

(n = 50, 49.5%), 17 patients (34.0%) achieved sustained response and

(Figure 1A). Among 135 patients with an HBV RNA response, sus-

four patients (8.0%) achieved HBsAg loss. In contrast, of the 51 pa-

tained response was observed in 37 patients (27.4%) and HBsAg loss

tients (50.5%) without an HBV RNA response, sustained response was

in 14 patients (10.4%). In contrast, of the 124 patients who did not

observed in only nine patients (17.6%) and HBsAg loss in one patient

experience an HBV RNA response, only 16 patients achieved sus-

(2.0%; P = 0.060 for sustained response and P = 0.162 for HBsAg loss).

tained response (13.0%) and 1 patient achieved HBsAg loss (0.8%;

Similar results were obtained when HBV RNA response was as-

P = 0.004 for sustained response and P = 0.001 for HBsAg loss).

sessed at on-treatment week 12 or at end-of-treatment.

Similar results were obtained after stratification by HBeAg-status.
Among the HBeAg-positive patients with an HBV RNA response
(n = 85, 54.1%), sustained response was observed in 20 (23.5%) and
HBsAg loss in 10 patients (11.8%). In contrast, of the 72 patients

3.3 | Low response rates in the absence of HBsAg
decline in patients with HBV RNA response

(45.9%) who did not experience an HBV RNA response, only seven
(9.7%) achieved sustained response and none (0.0%) achieved HBsAg

Among the 135 patients with an HBV RNA response at on-treatment

loss (P = 0.022 for sustained response and P = 0.003 for HBsAg loss).

week 24, HBsAg data were available in 133 patients. Among patients
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(A)

observed in those who achieved sustained response, compared to

100

those who did not (Figure 2A); mean HBsAg declines were 1.7 vs 0.6
log IU/mL (P = 0.001, Figure 1B), with an OR of 1.779 (P < 0.001).

Sustained response
(p = 0.022)

HBsAg loss
(p = 0.003)

80

Among the 133 HBV RNA responders, 75 patients (56.4%) did
not experience at least 0.5 log HBsAg decline at that same time
point. Of those 75 patients, only 12 achieved sustained response
(16.0%) and one achieved HBsAg loss (1.3%). Of the 42 patients

60
%
40

(31.2%) with a concomitant HBsAg decline of more than 1 log, sus-

23.5%

tained response was achieved in 20 patients (47.6%) and HBsAg loss

20

in 12 patients (28.6%; P ≤ 0.001).
Similar results were obtained when data were stratified accord-

0.0%

0

ing to HBeAg-status at baseline. HBV RNA response at on-treatment

No

week 24 was observed in 85/157 HBeAg-positive (54.1%) and in
50/101 HBeAg-negative (49.5%) patients. Among the 85 HBeAgpositive patients with an HBV RNA response, sustained response

100

42.4% in patients with >1 log HBsAg decline; HBsAg loss rates were

P = 0.037 for HBsAg loss). Findings were also consistent when analyses were limited to patients treated with PEG-IFN monotherapy;

In the 157 HBeAg-positive patients HBV RNA response was observed
in 85 patients (54.1%) at on-treatment week 24. HBV RNA responders
who achieved sustained response showed a more prominent on-treatment decrease in HBcrAg than those who did not (Figure 2B); mean
declines were 2.7 vs 1.9 log U/mL at week 24 (P = 0.002, Figure 2).

HBsAg loss
(p < 0.001)

69.2%

60

53.8%

40
17.3%

20
7.1%

7.1% 3.8%

0

<1

loss rates were 2.0% vs 30.4% (P ≤ 0.001).

3.4 | Low response rates in the absence of HBcrAg
decline in HBeAg-positive patients with HBV
RNA response

Yes

%

sustained response rates were 18.0% in patients with HBsAg decline
<0.5 log, vs 65.2% in patients with HBsAg decline >1 log; HBsAg

Sustained response
(p < 0.001)

80

HBsAg loss). Among the 50 HBeAg-negative patients with an HBV

loss rates were 2.6% vs 22.2% (P = 0.002 for sustained response and

No

HBV RNA response at week 24

0.0% vs 30.3% (P = 0.006 for sustained response and P < 0.001 for

decline <0.5 log) vs 66.7% (with HBsAg decline >1 log); and HBsAg

Yes

(B)

rates were 10.8% in patients with HBsAg decline of <0.5 log vs

RNA response, sustained response rates were 21.1% (with HBsAg

11.8%

9.7%

<1
>3
1-3
1-3
HBcrAg decline at week 24

>3

F I G U R E 3 (A) Rates of sustained response (HBV DNA
<2000 IU/mL) and hepatitis B surface antigen (HBsAg) loss in
patients with and without hepatitis B virus (HBV) RNA response at
on-treatment week 24. Assessed in patients with positive hepatitis
B e antigen (HBeAg) at baseline (n = 157). (B) Rates of sustained
response and HBsAg loss in subgroup of patients with HBV RNA
response at on-treatment week 24 (n = 79), stratified by hepatitis B
core-related antigen (HBcrAg) decline (<1, 1-3 or >3 log). Assessed
in patients with positive HBeAg at baseline. HBcrAg, hepatitis B
core-related antigen; HBsAg, hepatitis B surface antigen; HBV,
hepatitis B virus

Of the 85 patients with an HBV RNA response at week 24, 79
had HBcrAg data available. A total of 14 patients (17.7%) did not

in patients treated with finite PEG-IFN-based treatment regimens.

experience at least 1 log HBcrAg decline, of whom only one (7.1%)

However, many patients with HBV RNA decrease did not experience

achieved sustained response and HBsAg loss (Figure 3). Conversely,

a decline in the viral antigens HBsAg and/or HBcrAg. In our study,

sustained response was observed in 69.2% (9/13) and HBsAg loss in

treatment response was predominantly observed in patients with

53.8% (7/13) of the patients with >3 log HBcrAg decline (P < 0.001

both HBV RNA and viral antigen decline, whereas response rates in

for both sustained response and HBsAg loss).

patients without concomitant viral antigen decrease were very low.
These findings suggest that combinations of biomarkers should be

4 | D I S CU S S I O N

used to ascertain a clinically relevant response to anti-viral therapy
and may have important implications for the interpretation of the
anti-viral efficacy of novel anti-viral agents, such as capsid assembly

The current study, a pooled analysis of two randomised trials,

modifiers.

confirms that on-treatment HBV RNA decline is associated with

In the past years, several viral biomarkers have been identi-

higher rates of sustained off-treatment response and HBsAg loss

fied that may be used to estimate the probability of response to

|
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anti-viral therapy, possibly through correlations with intrahepatic

that HBV RNA decline should not be used as a primary endpoint for

HBV transcriptional activity. Examples include serum levels of

treatment trials.

viral antigens, such as HBsAg, HBeAg and HBcrAg, and more re-

Strengths of our study include the large and very well-character-

cently also serum levels of HBV RNA. It is important to note that

ised patient sample enrolled from two global randomised trials and

the intrahepatic cccDNA acts as a template for all of these bio-

the availability of data on a wide range of biomarkers. We were also

markers through transcription of four overlapping open reading

able to assess both sustained response and HBsAg loss. However,

frames (ORFs). Each ORF encodes for a subtype of polyadenylated

despite the large number of patients, subgroup analysis did limit the

RNAs, which subsequently serve as templates for the transcrip-

number of available cases per group. Nevertheless, our findings were

tion of a number of proteins. 31,32 Their relative expression may be

consistent when separately analysing patients according to HBeAg-

influenced by many factors, including host immune responses and

status or treatment regime. However, validation of our findings

anti-viral therapy. Interpretation of kinetics of a single biomarker

among these subgroups, as well as confirmation of our hypothesis

may therefore be misleading if changes in other biomarkers are

on the applicability to novel agents, warrants further investigation.

not considered.

In conclusion, HBV RNA decline without concomitant viral anti-

The potential advantage of HBV RNA as a biomarker is based

gen (HBsAg and/or HBcrAg) decline is associated with low off-treat-

on the assumption that serum HBV RNA levels reflect an early step

ment sustained response rates an HBsAg loss. Combinations of viral

in the HBV replication process. A decline of HBV RNA levels has

markers should be used to accurately assess response to anti-viral

therefore been postulated to directly reflect a decrease in HBV

therapy.

transcriptional activity, either through a reduction in the cccDNA
template or inhibition of transcriptional activity. This phenomenon is

AC K N OW L E D G E M E N T S
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