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Lisa Sandmann,' Cihan Yurdaydin 23 Katja Deterding,1 Benjamin Heidrich,! Svenja Hardtke,"* Patrick Lehmann,!

1,4,5%

Birgit Bremer,! Michael P. Manns,"® Markus Cornberg,"*® Heiner Wedemeyer, and Benjamin Maasoumy™>®, for the

HIDIT-II Study Group

Standard treatment of hepatitis delta virus (HDV) infection remains pegylated-interferon alfa (peg-IFNa) in most
centers, which is not only associated with rather low efficacy but several adverse events. Hepatitis B core-related an-
tigen (HBcrAg) is linked to intrahepatic covalently closed circular DNA levels and has previously been suggested as
response predictor in IFN-based treatment of hepatitis B virus (HBV) mono-infection. This study aimed to investi-
gate the value of HBcrAg in the management of patients with HBV/HDV co-infection undergoing peg-IFNa treat-
ment. The Hep-Net-International-Delta-Hepatitis-Intervention Trial-2 study included 120 patients co-infected with
HBV/HDV. Patients were treated for 96 weeks with peg-IFNa and either tenofovir or placebo. Ninety-nine patients
with HDV-RNA results 24 weeks after end of treatment (FU24) were included in this analysis, of whom 32 patients
(32.3%) had undetectable HDV RNA at FU24. HBcrAg was measured at baseline, week 12, 24, 48, 96, and FU24.
HBcrAg levels showed no significant correlation with HDV RNA but were significantly linked to treatment outcome.
HBcrAg levels < 4.5 log IU/mL at baseline, week 24, and week 48 had high negative predictive value (NPV) for
achieving undetectable HDV RNA at FU24 (81.8%, 87.1% and 95.0%, respectively). Similarly, HBcrAg levels at week
96 were significantly higher in patients with viral relapse until FU24 (3.0 vs. 3.63 log IU/mL; P = 0.0089). Baseline,
week 24, and week 48 HBcrAg levels were also associated with the likelihood of achieving HBsAg level < 100 IU/mL
at FU24 (HBcrAg < 3.0 log IU/mL: NPV 91.7%, 90.4% and 92.3%, respectively). Test statistics improved when com-
bining HBcrAg with additional viral and clinical parameters. Conclusion: HBcrAg is linked to treatment response to
peg-IFNa in patients with HBV/HDV co-infection and could be a promising marker to determine treatment futility.
(Hepatology Communications 2022;6:480-495).

hronic hepatitis D virus (HDV) infection, also  leads to liver cirrhosis, hepatic decompensation, and
known as hepatitis delta, is the most severe the development of hepatocellular carcinoma.” HDV
form of chronic viral hepatitis and frequently is a defective satellite virus, and the RNA genome
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only encodes the HDV antigen. Therefore, virus life
cycle and the production of infectious viral particles
depend on host polymerases and the g)resence of hep-
atitis B surface antigen (HBsAg). @ As the HDV
RNA does not encode for a viral enzyme, develop-
ment of antiviral treatment is challenging. Current
standard treatment regimen consists of pegylated-
interferon alfa (peg-IFNa), which induces HDV-
RNA response (undetectable HDV RNA at 24 weeks
after treatment) in about one quarter of patients. Of
note, even among the responders, HDV RNA neg-
ativity is not durable in many cases.®™ New drugs
such as the entry inhibitor bulevirtide and lonafarnib
are currently tested in phase 3 studies, and bulevir-
tide has recently been approved based on results of
phase 2 studies in Europe.®™® However, broad access
to bulevirtide remains uncertain at this point (such
as due to treatment costs), and it may not be avail-
able in most centers for quite some time. Moreover,
it is currently unclear whether combination treatment
with peg-IFNa will be required to achieve func-
tional cure and avoid indefinite treatment duration.”’
However, treatment with peg-IFNa leads to a variety
of severe side effects, whereas the number of patients
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achieving a maintained virological response remains
rather limited, so far. Therefore, biomarkers to pre-
dict antiviral response and to identify patients with a
reasonable chance of beneﬁtmg from antiviral therapy
are urgently needed.”!

Recently, hepatitis B  core-related antigen
(HBcrAg) has been identified as an additional viro-
logical marker of hepatitis B virus (HBV) infection.
HBcrAg simultaneously measures denatured hepatitis
B e antigen (HBeAg), HBV core antlgen (HBcAg)
and an artificial core-related protein.” ' It has been
shown that HBcrAg levels correlate with HBV DNA
and, most importantly, with intrahepatic transcrip-
tional activity of covalently closed circular DNA
(cccDNA) in both HBeAg-positive and HBeAg-
negative patients.’? Furthermore, levels of HBcrAg
could be linked to different phases of chronic HBV
infection and are suggested as an additional marker
to distinguish between HBeAg-negative patients
infected with chronic HBV, with active and inac-
tive disease.">¥ Importantly, HBcrAg has also been
suggested as a useful marker to predict response to
peg-IFNa therapy in both HBeAg-positive and
HBeAg-negative patients.
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Because presence of HBV is essential for HDV
infection and persistence, the analyses of promising
serological and molecular markers of HBV infection,
in particular those reflecting the transcriptional activ-
ity of intrahepatic cccDNA, deserve further attention
in HBV/HDV co-infection, especially in the setting
of antiviral treatment. So far, HBcrAg levels have not
been analyzed in HBV/HDV co-infected patients
during antiviral treatment. Therefore, we aimed to
investigate the clinical utility of HBcrAg levels before
and during treatment with peg-IFNa in patients
with HDV treated in the international, multicenter
Hep-Net International Delta Hepatitis Intervention

Trial-2 (HIDIT-II) trial.

Methods

STUDY COHORT

The HIDIT-II was a prospective international,
multicenter study including 120 HBV/HDV co-
infected patients who were randomly assigned to
either receive peg-IFNa plus tenofovir (TDF) or
plus placebo for 96 weeks. Patients with chronic
HDV infection and compensated liver disease with-
out human immunodeficiency virus or hepatitis C
virus infection were eligible for the study. Further
information is available at www.clinicaltrials.gov
(NCT00932971).%

A total of 99 patients with HDV-RNA results
available at posttreatment week 24 were included in
our analysis. For 21 patients, HDV-RNA results at
the 24-week follow-up (FU24) were not available;
those patients were excluded from this study. Baseline
characteristics for the excluded patients are available

in Supporting Table S1.

STUDY ENDPOINTS

According to the primary endpoint of the
HIDIT-II trial and the recommendations from the
2019 European Association for the Study of the Liver—
American Association for the Study of Liver Diseases
HBV Treatment Endpoints Conference, three end-

points were chosen for the current study*!®):

1. Undetectable HDV RNA 24 weeks after end of
treatment

2. Undetectable HDV RNA at the end of treatment
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3. HBsAg decline to a level < 100 IU/mL 24 weeks
after end of treatment (as a predictor of HBsAg
loss during longer follow-up)

MEASUREMENT OF SEROLOGICAL
AND VIROLOGICAL MARKERS

HBcrAg was measured at baseline (BL), treatment
week 12 (w12), 24 (w24), 48 (w48), 96/end of treat-
ment (w96/EOT), and FU24 using the Lumipulse G
(Fujirebio, Ghent, Belgium) according to the man-
ufacturer’s instructions. The assay’s validated linear
measurement range is from 3 log to 7 log U/mL.
Samples with HBcrAg above 7 log U/mL were
diluted and retested in order to calculate the quanti-
tative HBcrAg level. HBV DNA, HBsAg, and HDV
RNA were measured as part of the HIDIT-II study at
the central laboratory at BL and the respective study
time points including w12, w24, w48, w96, and FU24.
HDV-RNA measurement was performed using the
Cobas TagMan system with an inhouse assay (Roche
Diagnostics, Mannheim, Germany). The test shows
linearity over a range from 3 x 10? to 107 copies/mL
and a lower limit of detection of 15 copies/mL.*!”

STATISTICS

Data were expressed as frequencies (%) for categor-
ical variables or as median (with interquartile range
[IQR]) for quantitative variables. Categorical data were
analyzed with the Fisher's exact test. Mann-Whitney
U test was used to analyze continuous data. HBcrAg
cutoff values were previously defined as < 3.0 log U/
mL (lower limit of detection) and < 4.5 log U/mL and
compared with cutoffs selected by generating receiv-
ing operator characteristic (ROC) curves and Youden
index. Univariate and multivariate analyses were per-
formed by logistic regression analysis using backward
variable selection for multivariate analysis. Variables
that presented a P value < 0.05 in the univariate analy-
sis were included in the multivariate analysis. However,
total number of variables in the multivariate analysis
was restricted to 1 per 10 events with regard to the pri-
mary endpoint.'® Statistical analyses were performed
using Excel software (version 16.37 for Mac; Microsoft
Cooperation, Redmond, WA), GraphPad Prism (ver-
sion 7.05 for Windows; GraphPad Software, La Jolla,
CA, www.graphpad.com), and SPSS software (version
26; SPSS Inc., Chicago, IL).


http://www.clinicaltrials.gov
http://www.graphpad.com
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ETHICS
The study protocol of the HIDIT-II study, includ-

ing associated scientific analysis, was approved by the
respective national competent authorities and by the
ethics committees at each participating institution
(EudraCT No. 2008-005560-13). Each patient pro-

vided written informed consent.

Results

STUDY COHORT AND TREATMENT
OUTCOME

In total, 99 patients with available HDV-RNA
results at week 24 at EOT (FU24) were included in
the analysis. Median age of the patients was 47 years
(IQR 42-60), most were male (66.7%), and 37.4% had
evidence of liver cirrhosis. Further detailed baseline
characteristics of patients included in the analysis are
found in Table 1.

At FU24, HDV RNA was undetectable in 32
patients (32.3%) (responders), and 67 patients (67.7%)
showed detectable HDV RNA at FU24 (nonrespond-
ers). At w96 (EOT), 45 patients had undetectable
HDV RNA, but 16 patients (35.6%) experienced viral
relapse until FU24. Of note, 3 of the 54 patients with
detectable HDV RNA at w96 spontaneously cleared
the virus and showed undetectable HDV RNA at
FU24 (5.6%).

CORRELATION OF HBcrAg WITH
HDV RNA, HBV DNA, AND HBsAg
AT BL AND DURING TREATMENT

Levels of HBcrAg were determined at BL, w12,
w24, w48, w96, and FU24. At baseline, most patients
showed HBcrAg levels < 5 log IU/mL (81% vs. 18%),
and 27% even had a value < 3 log IU/mL (Supporting
Fig. S1). During treatment, levels of HBcrAg showed
an increase from BL to w12, which was followed
by a more prominent decline until w48 compared
with the second half of treatment duration. Median
HBcrAg levels did not differ significantly between
end of treatment and FU24 (3.45 vs. 3.36 IU/mL;
P = 0.996) (Fig. 1). When only including HBeAg-
negative patients, median levels of HBcrAg were
overall lower, but kinetics during treatment remained
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unchanged including the previously described increase
at w12 (Supporting Fig. S2). Median HBcrAg levels
at baseline, w12, w24, w48, w96, and FU24 did not
differ significantly between patients receiving either
peg-IFNa and placebo or peg-IFNa and TDF (data
not shown).

Correlations of HBcrAg and HDV RNA, HBV
DNA, and HBsAg are depicted in Fig. 2. At the dif-
ferent time points there was no or only a weak pos-
itive correlation between HBcrAg and HDV RNA.
The correlation slightly increased during treatment,
and the highest correlation could be observed at EOT
(w96) (72 0.48; P < 0.0001). Moderate positive correla-
tions were detected between HBerAg and HBV DNA
or HBsAg at baseline, w12, w24, w48, w96, and FU24
(Fig. 2). No or only very weak negative correlations
were observed between HBcrAg and aspartate ami-
notransferase (AST), alanine aminotransferase (ALT),
or AST-to—platelet ratio index score (Supporting
Fig. S3).

When separating according to treatment regimens,
slightly stronger positive correlations between HBcrAg
and HDV RNA at BL, w24, and w48 were observed in
patients treated with peg-IFNa plus placebo compared
to treatment with peg-IFNa plus TDE. The correlation
between HBcrAg and HDV RNA was slightly stron-
ger at w96 and FU24 than at w48 and similar between
both treatment groups. At w48 and w96, there was no
or only a weak correlation between HBcrAg and HBV
DNA or HBsAg in the TDF group, whereas persistent
moderate positive correlations were observed in the

placebo group (Supporting Fig. 54).

PREDICTIVE VALUE OF BASELINE
AND ON-TREATMENT HBcrAg
LEVELS FOR UNDETECTABLE HDV
RNA AT EOT

Median levels of HBcrAg at baseline, w24, and w48
differed significantly between patients with undetect-
able and those with detectable HDV RNA at the end
of treatment (3.56 vs. 4.34 log U/mL [P = 0.0197],
3.7 vs. 41 [P = 0.0142], and 3.4 vs. 3.92 IU/mL
[P = 0.0309], respectively) (Fig. 3A-F). A similar
trend was observed for HBeAg-negative patients. For
these patients, median levels of HBcrAg at baseline
were significantly lower in EOT responders com-

pared with nonresponders (3.4 vs. 4.15 log U/mL;

483



SANDMANN ET AL.

HEPATOLOGY COMMUNICATIONS, March 2022

TABLE 1. BASELINE CHARACTERISTICS

Patients, Total (n = 99)

Peg-IFNa Plus TDF (n = 48) Peg-IFNa Plus Placebo (n = 51)

Sex

Male 66 (66.7%)

Female 35 (33.3%)
Age

Median (IQR) 47 (42-60)
HDV RNA

<300 copies/mL 5(5.1%)

Median log10 copies/mL (IQR) 5.17 (4.27-5.76)

>10° copies/mL 53 (53.5%)
HBV DNA

Negative 8 (8.1%)

Median log10 IU/mL (IQR) 1.93(1.3-3.22)

<100 Iu/mL 38 (38.4%)

>2,000 Ul/mL 20 (20.2%)
HBsAg

Median log10 IU/mL (IQR) 3.92 (3.51-4.2)

<1,000 IU/mL 10 (10.1%)
HBeAg

Positive 18 (18.2%)

Missing 10 (10.1%)
HBcrAg

Median log U/mL (IQR) 4.11 (3-4.76)

<3 log U/mL 27 (27.3%)

3-4.5 log U/mL 39 (39.4%)

>4.5 log U/mL 33 (33.3%)
ALT

Median IU/L (IQR) 85 (58-149)
AST

Median IU/L (IQR) 58 (44-99)
Bilirubin

Median pmol/L (IQR) 12 (817)
Albumin

Median g/L (1QR) 471 (39-45)
Thrombocytes

Median 1,000/uL (1QR)
INR

Median (IQR)

Cirrhosis

175 (128-199)

1.07 (1.01-1.15)
37 (37.4%)

34 (70.8%) 32 (62.7%)
14 (29.2%) 19 (37.3%)
46 (39.3-58) 52 (45-64)
3(6.3%) 2 (3.9%)
5.15 (4.17-5.93) 5.07 (3.94-5.58)
26 (54.2%) 27 (52.9%)
2 (4.2%) 6(11.8%)
1.56 (1.30-3.18) 2.13(1.3-3.42)
24 (50%) 14 (27.5%)
8(16.7%) 12 (23.5%)
3.98 (2.42-4.2) 3.89 (3.38-4.21)
4.(8.3%) 6 (11.8%)
10 (20.8%) 8 (15.7%)
5 (10.4%) 5 (9.8%)
418 (3.31-4.84) 3.76 (3-4.57)
7 (14.6%) 20 (39.2%)
23 (47.9%) 16 (31.4%)
18 (37.5%) 15 (29.4%)

79 (54-136) 96.5 (60.5-170.3)
56 (42.5:96.5) 60 (47-99)
13 (8-17) 12.(8-17)

42 (39.8-45) 41 (39-44)
175 (132-215.5) 175 (123-198)
1.07 (1.01-1.16) 1.07 (1-1.14)

19 (39.6%) 18 (35.3%)

Note: Quantitative values are depicted as median with IQR; categorical values are depicted as numbers and percentages.

Abbreviation: INR, international normalized ratio.

P = 0.0398) and numerically lower at w24 and w48
(Supporting Fig. S5).

Only 10 (30%) of the 33 patients with baseline
HBcrAg levels > 4.5 log U/mL were HDV RNA-
negative at EOT, whereas this was the case for 49%
(19 of 39) and even 59% (16 of 27) of patients with
baseline HBcrAg levels between 3.0 and 4.5 log U/mL
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and < 3.0 log U/mL, respectively (Fig. 3F). Using
the Youden index, 4.72 log U/mL was identified as
optimal HBcrAg cutoff to distinguish EOT respond-
ers and nonresponders. Only 6 of 26 patients (23%)
with a baseline HBcrAg level > 4.72 log U/mL were
HDV RNA-negative at EOT, whereas this was the
case in 53% of those with levels < 4.72 log IU/mL
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FIG. 1. HBcrAg kinetics during treatment. Median HBcrAg
levels (log U/mL) with IQR at different time points of treatment
in the total cohort. *P < 0.05; **P < 0.01. Abbreviation: ns, not
significant.

(sensitivity 86.7%, specificity 37.0%, positive predic-
tive value [PPV] 53.4%, negative predictive value
[NPV] 76.9%, P = 0.0110) (Table 2).

Similarly, patients with HBcrAg levels < 3.0
log U/mL, 3.0-4.5 log U/mL, and > 4.5 log U/mL
at w48 achieved undetectable HDV RNA later on
at EOT in 53% (17 of 32), 51% (23 of 45) and
20% (4 of 20), respectively (Fig. 3F). Optimal w48
cutoff suggested using the Youden index was 3.73
U/mL (sensitivity 90.9%, specificity 30.2%, PPV
53.1%, NPV 80.0%, P = 0.0122) (Table 2). The
highest NPV was detected for the cutoff of 4.85
U/mL at w24. Only 3 patients (3 of 20, 15%) with
an HBcrAg level > 4.85 U/mL were HDV RNA-
negative at EOT, whereas this was the case for
53% (39 of 73) of patients with HBcrAg levels <
4.85 U/mL (sensitivity 92.9%, specificity 33.3%,
PPV 53.4%, NPV 85.0%, P = 0.0023).

PREDICTIVE VALUE OF HBcrAg
LEVELS FOR UNDETECTABLE HDV
RNA AT POSTTREATMENT WEEK 24

Patients with undetectable HDV RNA at FU24
showed significantly lower median HBcrAg levels at
BL (3.43 vs. 4.33 log U/mL; P = 0.0072), w24 (3.3

SANDMANN ET AL.

vs. 4.25; P = 0.0005), w48 (3.0 vs. 4.04 log U/mL;
P = 0.0003), and w96 (3.0 vs. 3.83 log U/mL;
P =0.0001) (Fig. 4A,C-F). Comparable to the kinet-
ics in EOT responders, HBcrAg levels of patients with
negative HDV RNA at FU24 increased from BL to
w12.The median change of HBcrAg levels from BL to
w12 (delta HBcrAg) was significantly higher in treat-
ment responders compared with nonresponders and
explains the consecutive more pronounced HBcrAg
decline from w12 to w24 in treatment responders
(Fig. 4B). However, overall fraction of increase or
decrease of HBcrAg from baseline to w12 did not
differ significantly between responders and nonre-
sponders (increase in responders vs. nonresponders:
84% [26 of 31] versus 68% [45 of 66]; P = 0.1412). If
only including HBeAg-negative patients, comparable
results were obtained (Supporting Fig. S6).

At baseline, 18% (6 of 33) of the patients with
HBcrAg levels > 4.5 log U/mL were HDV RNA-
negative at w24, whereas this was the case in 33%
(13 of 39) and 48% (13 of 27) of the patients with
levels between 3.0 and 4.5 log U/mL and < 3.0 log
U/mL, respectively (Fig. 4G). A baseline HBcrAg
level < 4.70 log U/mL was identified as optimal
threshold for response prediction linked to a high
NPV. Of note, only 3 of 28 patients (11%) with a
baseline HBcrAg level > 4.70 log U/mL were HDV
RNA-negative at FU24 (sensitivity 90.6%, speci-
ficity 37.3%, PPV 40.9%, NPV 89.3%, P = 0.004)
(Table 2). At w24, 50% (10 of 20), 36% (15 of 42),
and 13% (4 of 31) of patients with HBcrAg levels <
3.0 log U/mL, 3.0-4.5 log U/mL, or > 4.5 log U/mL
became HDV RNA-negative at FU24, respectively
(Fig. 4G). Optimal w24 cutoff according to the
Youden index was 4.05 log U/mL (sensitivity 79.3,
specificity 59.4, PPV 46.9%, NPV 86.4%, P = 0.0007)
(Table 2). At w48, only 5% of patients (1 of 20) with
HBcrAg levels > 4.5 log U/mL became HDV RNA-
negative at FU24, whereas this was the case for 53%
(17 of 32) of patients with HBcrAg levels < 3 log
U/mL (Fig. 4G). The optimal w48 cutoff according
to the Youden index was 3.63 log IU/mL (sensitiv-
ity 75%, specificity 60.0%, PPV 48.0%, NPV 83.0%,
P =0.0013) (Table 2).

Moreover, HBcrAg levels at EOT were signifi-
cantly linked to viral relapse until FU24. A total of 45
patients had undetectable HDV-RNA levels at EOT,
and viral relapse until FU24 was detected in 16 of
these patients (35.6%). HBcrAg levels at w96 were
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TABLE 2. PERFORMANCE OF PROPOSED CUTOFF VALUES
Time Point Cutoff HBcrAg (log U/mL) Sensitivity (%) Specificity (%) PPV (%) NPV (%) PValue

HDVRNAneg.  Baseline <3.0 35.6 79.3 59.3 59.7 0.1144
EOT <45 77.8 42.6 53.0 69.7 0.0354
<4.72* 86.7 37.0 53.4 76.9 0.0110
w12 <3.0 0 98.1 0 54.2 >0.999
<4.35* 705 54.7 56.4 69.1 0.0146
<45 72.7 49.1 54.2 68.4 0.0371
w24 <3.0 28.6 84.3 60.0 58.9 0.2042
<45 78.6 43.1 53.2 71.0 0.0299
<4.85* 92.9 33.3 53.4 85.0 0.0023
w48 <3.0 38.6 38.6 71.7 53.1 0.3858
<3.73* 90.9 30.2 53.1 80.0 0.0122
<45 68.2 58.5 57.7 68.9 0.0138
HDV RNA neg. Baseline <3.0 40.6 79.1 48.2 73.6 0.0537
FU24 <45 81.3 40.3 39.4 81.8 0.0411
<4.70* 90.6 37.3 40.9 89.3 0.0040
w12 <3.0 0 98.5 0 67.7 >0.999
<4.35* 74.2 515 4.8 81.0 0.0272
<45 74.2 455 39.0 79.0 0.0770
w24 <3.0 34.5 84.4 50.0 74.0 0.0564
<4.05* 79.3 59.4 46.9 86.4 0.0007
<45 86.2 42.2 40.3 87.1 0.0086
w48 <3.0 53.1 76.9 53.1 76.9 0.0054
<3.63* 75.0 60.0 48.0 83.0 0.0013
<45 96.9 29.2 40.3 95.0 0.0026
w96t <3.0 58.6 68.8 77.3 47.8 0.1205
<3.56* 86.2 56.3 78.1 69.2 0.0051
<45 100 25.0 70.7 100 0.0122
HBsAg < 1001U/  Baseline <3.0* 57.1 77.4 29.6 91.7 0.0193
mL Fu24 <4.5 78.6 36.9 17.2 91.2 0.3674
w12 <3.0 0 98.8 0 86.5 >0.9999
<3.75* 46.2 78.6 25.0 90.4 0.0809
<45 76.9 40.5 16.7 91.9 0.3586
w24 <3.0 AW, 81.5 25.0 90.4 0.1238
<3.85* 83.3 55.6 21.7 95.7 0.0142
<45 83.3 34.6 15.9 93.3 0.3253
w48 <3.0 64.3 72.3 28.1 92.3 0.0122
<3.40* 78.6 63.1 26.2 94.6 0.0068
<4.5 100 24.1 18.2 100 0.0671
w96 <3.0 78.6 67.9 29.0 95.0 0.0020
<3.13* 100 26.2 18.4 100 0.0349
<45 85.7 66.7 30.0 96.6 0.0003

Note: The P value was calculated by using the Fisher’s exact test to compare categorical data, in this case treatment response according to
HBcrAg cutoff values. Bold values indicates P < 0.05.

*Identified by Youden index.

JrOnly patients with negative HDV RNA at w96 were included (n = 45) to assess test performances for relapse at FU24.

significantly lower in sustained responders compared U/mL at EOT experienced viral relapse (sensitivity
with relapsers (3.0 vs. 3.63 log U/mL; P = 0.0089). 100%, specificity 25.0%, PPV 70.7%, NPV 100%,
Of note, all patients with an HBcrAg level > 4.5 log P = 0.0122) (Table 2 and Supporting Fig. S7).
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FIG. 4. (A) Median HBcrAg levels (log U/mL) at different time points during treatment separated into responders at FU24 (undetectable
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PREDICTIVE VALUE OF HBcrAg
LEVELS FOR HBsAg DECLINE

Apart from undetectable HDV RNA, HBsAg loss
is defined as an endpoint of finite antiviral treatment
of HBV/HDV co-infection."” Because HBsAg loss
is rare, HBsAg decline to a low level of < 100 IU/mL
was selected in the current study, which is frequently
proposed as a predictor of HBsAg loss during long-
time follow—up.(lg)

Data analysis showed that HBcrAg levels at base-
line, w24, and w48 differed significantly between
patients with HBsAg levels < 100 IU/mL and > 100
IU/mL at FU24 (3.0 vs. 4.83 log U/mL [P = 0.0451];
3.1 vs. 4.0 log U/mL [P = 0.0148]; and 3.0 vs. 3.77
log U/mL [P = 0.0062], respectively) (Fig. 5).

A baseline HBcrAg threshold of 3.0 log U/mL had
a high NPV for achieving HBsAg levels < 100 IU/mL
at w24 (NPV 91.7%). Only 8% (6 of 72) of patients
with baseline HBcrAg levels > 3.0 U/mL showed
HBsAg levels < 100 IU/mL at FU24, whereas this
was documented in 30% (8 of 27) of the patients with
baseline HBcrAg levels < 3.0 log U/mL (sensitivity
57.1%, specificity 77.7%, PPV 29.6%, NPV 91.7%,
P = 0.0190). At w24 and w48, NPVs of the cutoff
< 3.0 log U/mL were comparable to that at baseline
(90.4% and 92.3%, respectively). Using the Youden
index, 3.85 log U/mL was identified as the optimal
cutoff to distinguish between HBsAg responders and
nonresponders at w24. Only 2 of 47 patients (4%)
with HBcrAg levels > 3.85 log U/mL showed HBsAg
levels < 100 IU/mL at FU24 (sensitivity 83.3%, spec-
ificity 55.6%, PPV 21.7%, NPV 95.7%, P = 0.0142).
Comparable test statistics were achieved for the cutoff
of 3.4 log U/mL at w48 identified by Youden index.
All patients with HBcrAg levels > 4.5 log U/mL at
week 48 (n = 20) showed HBsAg levels > 100 IU/mL
at FU24 (Fig. 5 and Table 2).

COMBINATION OF VIROLOGICAL
PARAMETERS FOR THE
PREDICTION OF TREATMENT
RESPONSE

To further assess the potential additional value of
HBcrAg, we decided to analyze other predictors of
treatment response. Kinetics of HBsAg levels were
comparable to HBcrAg kinetics during treatment,
and median levels of HBsAg differed significantly
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between treatment responders at EOT and FU24
(Supporting Fig. S8). Patients with negative HDV
RNA at FU24 showed a more prominent median
HBsAg decline from BL to week 24 than nonre-
sponders (delta HBsAg -0.2598 log IU/mL vs. 0 log
IU/mL; P = 0.0044). In contrast to HBcrAg kinet-
ics, no significant increase from BL to week 12 was
detectable for HBsAg. However, concordant or dis-
cordant change in HBcrAg and HBsAg levels from
baseline to week 12 or 24 was not associated with
treatment response. The Youden index cutoffs to pre-
dict treatment response at FU24 were calculated and
are found in Supporting Table S2. Overall, NPVs for
treatment response at different time points during
treatment were comparable but slightly lower than
those calculated for HBcrAg (HBerAg vs. HBsAg:
baseline 89.3% vs. 82.1%, w12 81.0% vs. 78.7%, w24
86.4% vs. 79.7%, and w48 83% vs. 85.3%).

When combining proposed cutofts for HBerAg and
HBsAg, test statistics to predict treatment response
at FU24 were further improved (Table 3). Only 2
of 21 patients (9.5%) with baseline HBsAg levels
> 3.745 log IU/mL and HBcrAg levels > 4.7 log U/mL
became HDV RNA-negative at FU24 (sensitivity
93.1%, specificity 32.2%, PPV 40.3%, NPV 90.5%,
P = 0.0084). At w24, 88% (30 of 34) of patients
with HBsAg levels > 3.166 log IU/mL and HBcrAg
levels > 4.05 log U/mL remained HDV RNA-—positive
at FU24, while only 4 patients (12%) were HDV
RNA-negative (sensitivity 85.7%, specificity 51.7%,
PPV 46.2%, NPV 88.2%, P = 0.0009). Comparable

results were achieved for combined cutoffs at w48.

HBcrAg, HBsAg, HDV RNA, AND
ABSENCE OF CIRRHOSIS AS
RISK FACTORS FOR TREATMENT
FAILURE

To develop stopping rules before or during treat-
ment, univariate and multivariate binary logistic
regression analyses were performed to assess addi-
tional parameters associated with treatment failure,
defined as HDV-RNA persistence at FU24. Clinical
and virological parameters at baseline, w12, and w24
were included in the univariate analysis. HBV-DNA
levels were excluded due to the small sample size when
ruling out patients receiving TDF. Levels of HBcrAg,
HBsAg, and HDV RNA at baseline, w12 (except
tor HBcrAg), and w24 were significantly associated
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FIG. 5. (A-D) Median HBcrAg levels (log U/mL) at different time points during treatment according to HBsAg response (HBsAg
<100 IU/mL) at FU24. Median HBcrAg levels and ROC curves at baseline (A), w12 (B), w24 (C), and w48 (D) for HBsAg < 100 IU/
mL at FU24. (E) Proportions of HBsAg responders according to HBcrAg level at each time point.

with HDV-RNA persistence at FU24 in the univar-
iate analysis. Interestingly, presence of cirrhosis was
identified as a protective parameter against treatment

failure (Supporting Table S3). In the multivariate-
analysis baseline HBcrAg, baseline HDV RNA and
absence of cirrhosis remained significantly associated
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" with treatment failure. When including HBsAg in the
ER- - S model, baseline HBsAg and HDV RNA remained
= § § § § § A independently associated with HDV-RNA per-
g sistence (Supporting Table S4A). In our cohort, 69%
§ of patients (46 of 67) with HDV-RNA persistence at
Llowwano 3 FU24 would have been correctly identified as future
| 8R838 73 nonresponders by applying the HBsAg cutoft at base-
= e line (HBsAg > 3.745 log IU/mL). By additionally
= applying the identified cutoff for HBcrAg at baseline
Slom oo = (HBcrAg > 4.7 log U/mL), 6 additional patients who
=988 R & remained HDV RNA-positive at FU24 would have
o £ been identified correctly (78%, n = 52 of 67). At treat-
S ment week 24, high levels of HBcrAg were associated
< & with HDV-RNA persistence. However, values did not
= —g reach statistical significance in the multivariate analysis
5 £ 89588 S (Supporting Table S4B). When applying the selected
g a g cutoff of HBsAg to the cohort, 76% of patients (51
& g“ of 67) would have been correctly identified as future
o = nonresponders at w24. By additional application of
S < E 3 the HBcrAg cutoft, 10 additional patients (n = 61 of
g SRR R §E 67 [91%]) would have been identified as future non-
5 2|77 %°%% &= responders at this on-treatment time point. At wl2,
e 3 é & neither HBsAg nor HBcrAg remained independently
S ET:’ associated with treatment failure (Supporting Table
: ~ %"‘*3 S4C). At the end of treatment, absence of cirrhosis,
8 £ = g high levels of HBcrAg, and high levels of HBsAg
CZ) 2 £ § were independently associated with viral relapse at
g = 2% FU24 (Supporting Table S4D). By additionally apply-
2 3 oo ing the HBcrAg cutoff of > 3.56 log U/mL to the
o jé ~ f US: g E ig HBsAg cutoff of > 2.803 log IU/mL to our cohort, 1
= Slauany § 2 additional patient would have been identified to show
z £ T5333 ¢%c¢ viral relapse at FU24 (n = 15 of 16; 94%).
9 2/TEEEE g
= £/5§8888 =
£I55288 43 Discussion
5| v v v viowv Kz
3 § § § g § E E’; In this analysis we showed that HBcrAg could serve
TEEEE LS as a promising baseline or on-treatment marker to pre-
_ § é dict the outcome of peg-IFNa-based antiviral treatment
S n o B> in patients with HDV. At baseline and during antivi-
?J-E) o él E% ral treatment, levels of HBcrAg positively correlated
= | 3 N © § E E with HBV DNA and HBsAg but to a lesser extend
SRR R —ij & with HDV RNA. Interestingly, levels of HBcrAg dif-
sz fered significantly between treatment responders and
N é E non-responders throughout the entire study period. By
‘-‘Dc; & % combining levels of HBcrAg with additional predic-
< é g tive parameters at baseline, treatment week 24 or end
E o=y of treatment, the ratio of correctly identifying future
2 z 9 non-responders at FU24 increased notably.
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To our knowledge, so far, only a single study ana-
lyzed the correlation of HBcrAg in HDV positive
patients.(zo) In this study the authors analyzed virolog-
ical parameters of patients with HDV to characterize
the interplay among HBV, HDV, and their correlation
to the severity of liver disease. In line with previous
publications, high anti-HDV immunoglobulin M levels
were identified as a marker of advanced stage of chronic
HDV.?" HBerAg was associated with higher ALT lev-
els in the univariate but not in the multivariate analysis.
There was a weak positive correlation among HBcrAg
and HBV DNA, HBsAg and HDV RNA, and patients
with negative HDV RNA showed significantly lower
levels of HBcrAg than those with detectable HDV
RNA. Importantly, patients undergoing antiviral treat-
ment had been excluded from the study, and only off-
treatment patients had been analyzed.?’ Therefore,
our study, which includes patients during antiviral
treatment, complements the results by Ricco et al. We
showed that overall the positive correlation between
HBcrAg and HBV and HBsAg persists during treat-
ment, although being more prominent in the peg-IFNa
TDF-free treatment group. This is understandable, as
TDF inhibits HBV-DNA replication; therefore, levels
of HBV DNA are reduced. In our cohort there was no
correlation between HBcrAg and HDV RNA at base-
line, but developed during treatment and persisted until
24 weeks after treatment, regardless of treatment regi-
men. One possible explanation might be that by reduced
HBV replication during treatment, the cccDNA use,
reflected by HBcrAg levels, is dominated by HDV.
Nevertheless, the broad antiviral effect of peg-IFNa is
not included in this hypothesis, and its eftect on HDV
RNA remains elusive. Therefore, it remains debat-
able whether the changes in correlations really reflect
the HBV/HDV interplay, as the complex interaction
between the two viruses might hardly be completely
described by these bimodal correlations. Furthermore, it
is possible that the stronger positive correlation is simply
due to mathematical reasons in calculating the correla-
tion coefficient. Patients with lower HBcrAg at baseline
experience a higher chance of becoming HDV RNA-
negative during treatment. Therefore, the correlation of
remaining (detectable) HDV-RNA and HBcrAg levels
becomes more pronounced.

Current focus of research in HBV mono-infection
is functional cure, which is closely related to the reduc-
tion of cccDNA copy numbers or transcriptional activ-
ity.(zz) Treatment endpoints in HDV remain a matter

SANDMANN ET AL.

of debate. However, when aiming for functional and
permanent cure in HDV, the cccDNA is certainly also
the most important target, as it is most likely the main
source of HBsAg required for HDV replication.”
Interestingly, a study by Pollicino et al. showed slightly
lower amounts of cccDNA in HDV infected patients
than HBV mono-infected patients.(23) However, the
ratio of cccDNA to intracellular HBV DNA showed
higher proportions of cccDNA in HDV-positive
patients, and HBsAg amounts per cccDNA molecule
were significantly higher in the HDV-positive patients.
Furthermore, a significant correlation between levels of
HDV RNA and HBV cccDNA was detected.
Treatment with peg-IFNa has been shown to
be able to induce degradation of cccDNA in HBV-
infected patients.(24) However, the likelihood for dura-
ble response appears to be linked to the amount of
transcriptionally active cccDNA at baseline. In chronic
HBYV infected patients, it has been shown that HBcrAg
correlates well with the amount and transcriptional
activity of HBV cccDNA.?*?%) Moreover, HBcrAg lev-
els correlate with HBV RNA, which also reflects lev-
els of HBV cccDNA.?” Of note, both HBcrAg and
HBV RNA have been suggested as valuable response
predictors when using peg-IFNa treatment in HBeAg-
positive and HBeAg-negative patients mono-infected
with HBV among plenty of studies.?” 32 However, so
far no data were available with regard to HBV/HDV
co-infection. Importantly, in our study we showed that
HBcrAg does not only decrease during antiviral treat-
ment but could serve as a predictive marker of peg-IFNa
treatment response in patients with HDV. At baseline
and during antiviral treatment, levels of HBcrAg showed
high NPVs for achieving undetectable HDV RNA at
FU24. Therefore, HBerAg levels at baseline could serve
as a helpful marker to better select patients benefiting
from antiviral treatment. Importantly, patients with low
chances of achieving positive treatment outcome were
identified with high accuracy by combining HBcrAg
with other viral and clinical markers. By combining
HBcrAg with HBsAg, test statistics to predict treatment
response were further improved. Not only at baseline but
also during treatment, the evaluation of HBcrAg served
as a marker to identify patients not benefiting from
continuing antiviral therapy. At w24, HBcrAg levels
showed high NPVs for achieving treatment endpoints.
Therefore, HBcrAg-based stopping rules that iden-
tify patients with high risk of treatment failure could
be derived. By applying these stopping rules, patients
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would be spared the continuation of a probable ineffec-
tive but side effect-rich antiviral treatment. Similar to
baseline, test performances were improved by combining
HBcrAg and HBsAg as compared with each marker as
a single parameter. This underlines the importance of
virological markers reflecting HBV cccDNA transcrip-
tional activity in the context of maintained virological
response in chronic HDV infection. For the establish-
ment of stopping rules, early on-treatment time points
are preferable. Interestingly, at w12, levels of HBcrAg
and, to a lesser extent, HBsAg differed less significantly
between treatment responders and nonresponders. This
is due to a more pronounced increase from baseline to
w12 in treatment responders, especially for HBerAg. A
recently published study showed an early on-treatment
increase in HBV DNA to be associated with suppres-
sion of HDV RNA at the end of treatment.®” The
authors demonstrated that HBV DNA increase paral-
leled an increase of hepatic inflammation and markers
of cell death (M30) in several patients. However, early
on-treatment HBcrAg levels and HDV RNA outcome
after follow-up were not assessed during this analysis. It
might be possible that the observed increase of HBerAg
levels in treatment responders in our analysis might be
due to apoptosis of hepatocytes.

In addition to baseline or early on-treatment time
points, the level of HBcrAg at the end of treatment
could also help to predict relapse, and therefore iden-
tify patients in need of further therapeutic strategies.
The documented predictive value of the HBcrAg level
at the end of treatment appears to further support an
important role of HBV cccDNA as indicator for a
permanent cure. Moreover, it fits very well with the
predictive value of HBcrAg for off-treatment response
after nucleotide/nucleoside cessation in HBV mono-
infected patients documented in some studies, which
is also believed to be linked to a lower amount of
transcriptional active cccDNA.343¢)

However, the implementation of HBcrAg into clin-
ical practice has to be taken with caution, and further
studies to validate this marker and to establish and
confirm specific cutoffs are needed. The HIDIT-II
trial was not designed to evaluate stopping rules during
antiviral treatment. Therefore, confirmation in a valida-
tion cohort would be necessary, especially with regard
to the proposed treatment algorithm. Another obvious
limitation of our study is the limited follow-up time
of 24 weeks. Late relapses after FU24 are known.
Unfortunately, no data extending FU24 is available in
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our cohort, so far. Although endpoints for HDV treat-
ment have not yet been defined definitely, negative
HDV RNA 24 weeks after the end of antiviral therapy
is the preferred endpoint for finite antiviral treatment
(10,16) However,
analyses of viral parameters, including HBcrAg in
patients with late relapse, are of special interest and
should be included in future studies. In addition, our
analysis only included patients receiving peg-IFNa as

according to current recommendations.

antiviral treatment. Currently, new antiviral substances
like lonafarnib are being tested, and results so far are
promising.®%”) Moreover, the entry-inhibitor bulevir-
tide will certainly improve response rates, but it is possi-
ble that access to this treatment might be an important
limitation.®” However, the analysis of HBcrAg in
patients during antiviral treatment with these new sub-
stances would be interesting and could further evaluate
the role of HBerAg in HDV-positive individuals.

In summary, we analyzed levels of HBcrAg in
patients with HDV undergoing antiviral treatment.
Significant differences were observed between treatment
responders and nonresponders, and cutoff values were
calculated to distinguish between these groups. Test
statistics and prediction models were further improved
when combining HBcrAg with additional virological
and clinical markers. Further analyses are needed to
validate HBcrAg as a marker for on-treatment mon-
itoring and to verify the identified cutoffs.
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