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Background & Aims: Bulevirtide is a first-in-class entry inhibitor of hepatitis B surface antigen. In July 2020, bulevirtide was
conditionally approved for the treatment of hepatitis D, the most severe form of viral hepatitis, which frequently causes end-
stage liver disease and hepatocellular carcinoma. Herein, we report the first data from a large multicenter real-world cohort of
patients with hepatitis D treated with bulevirtide at a daily dose of 2 mg without additional interferon.
Methods: In a joint effort with 16 hepatological centers, we collected anonymized retrospective data from patients treated
with bulevirtide for chronic hepatitis D.
Results: Our analysis is based on data from 114 patients, including 59 (52%) with cirrhosis, receiving a total of 4,289 weeks of
bulevirtide treatment. A virologic response defined as an HDV RNA decline of at least 2 log or undetectable HDV RNA was
observed in 87/114 (76%) cases with a mean time to virologic response of 23 weeks. In 11 cases, a virologic breakthrough (>1
log-increase in HDV RNA after virologic response) was observed. After 24 weeks of treatment, 19/33 patients (58%) had a
virologic response, while three patients (9%) did not achieve a 1 log HDV RNA decline. No patient lost hepatitis B surface
antigen. Alanine aminotransferase levels improved even in patients not achieving a virologic response, including five patients
who had decompensated cirrhosis at the start of treatment. Treatment was well tolerated and there were no reports of drug-
related serious adverse events.
Conclusions: In conclusion, we confirm the safety and efficacy of bulevirtide monotherapy in a large real-world cohort of
patients with hepatitis D treated in Germany. Future studies need to explore the long-term benefits and optimal duration of
bulevirtide treatment.
Impact and implications: Clinical trials proved the efficacy of bulevirtide for chronic hepatitis D and led to conditional
approval by the European Medical Agency. Now it is of great interest to investigate the effects of bulevirtide treatment in a
real-world setting. In this work, we included data from 114 patients with chronic hepatitis D who were treated with
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bulevirtide at 16 German centers. A virologic response was seen in 87/114 cases. After 24 weeks of treatment, only a small
proportion of patients did not respond to treatment. At the same time, signs of liver inflammation improved. This observation
was independent from changes in hepatitis D viral load. The treatment was generally well tolerated. In the future, it will be of
interest to investigate the long-term effects of this new treatment.
© 2023 Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Hepatitis D is the most debilitating form of viral hepatitis and is
associated with a rapid progression towards cirrhosis and a
substantial increase in risk of hepatocellular carcinoma (HCC)
development.1,2 Hepatitis D virus (HDV) infection requires prior
or simultaneous infection with hepatitis B virus (HBV), as the
assembly of HDV is dependent on the hepatitis B surface antigen
(HBsAg). Worldwide an estimated 9-19 million patients are
assumed to be coinfected with HDV.3 HDV infection is associated
with a remarkable increase in liver-related morbidity and mor-
tality, causing a significant global health burden.4–6 Persistent
inflammation causes liver tissue damage, eventually leading to
liver fibrosis and cirrhosis. Within 5-10 years after diagnosis up
to 70% of infected individuals are likely to develop cirrhosis.1 A
meta-analysis comparing the HCC risk in HBV-monoinfected and
HBV/HDV-coinfected individuals revealed odds ratios ranging
between 1.25 and 2.77, emphasizing the increased risk of HCC in
case of HDV infection.7

The hepatitis D antigen was described for the first time in
1977.8 In 1986 the genome was discovered and HDV was shown
to be a single-stranded RNA virus.9 The viral genome encodes for
the small delta antigen and the large delta antigen.10 While the
small delta antigen is assumed to play a role in viral replication,
the large delta antigen is involved in viral assembly.11 The en-
velope of HDV consists of the HBsAg proteins, making the
transmission of HDV HBV-dependent. Therefore, the interaction
of HBsAg with the sodium taurocholate cotransporting poly-
peptide (NTCP) – a specific bile salt transporter – is crucial for the
entry of HDV virions into hepatocytes12 and is the basis for
treatment with bulevirtide (an HDV entry inhibitor).

Historically, HDV infection was treated with interferon-based
therapies.13 Treatment of viral hepatitis with interferon alfa does
not represent a specific antiviral therapy but promotes distinct
effects on hepatocytes and different immune cells. Despite well-
known side effects, the efficacy of interferon treatment is limited.
Overall, 30-40% of patients achieve undetectable HDV RNA dur-
ing treatment, but early and late relapses after interferon treat-
ment have been reported.14 Long-term observation of HDV-
infected patients revealed that the risk of liver transplantation
and hepatic decompensation was lower in patients treated with
an interferon-alfa-based therapy than in those receiving nucle-
os(t)ide analogues (NAs) alone.15–19 Even though interferon
treatment improved the chance of losing HDV RNA, treatment
efficacy is not satisfactory. Moreover, only a proportion of pa-
tients can be treated with pegylated interferon alfa (PEG-IFNa)
due to a variety of contraindications.

The conditional approval of bulevirtide as an entry inhibitor
was based on results from phase II clinical trials.20 Overall, these
studies suggested that bulevirtide treatment leads to continued
HDV RNA decline and improvements of biochemical disease ac-
tivity. Tolerability and safety were considered good. Since 2020,
some “real-world” experiences with small case series from
Italy,21 France,22 Austria23 and Germany24,25 have been reported
as full papers. Additional cohorts were presented during recent
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scientific meetings.26 These reports provided heterogenous data
on virologic efficacy, rates of virologic non-response, and
biochemical improvements during treatment.

In Germany, since September 2020, physicians experienced in
the treatment of hepatitis D have been able to prescribe bule-
virtide. Herein, we provide the first data from a retrospective
data collection on patients with hepatitis D treated with bule-
virtide at a daily subcutaneous dose of 2 mg without additional
PEG-IFNa. To our knowledge, this is the largest cohort of patients
treated outside of clinical trials or distinct early access programs.
Patients and methods
Data was collected from German hepatological centers and
outpatient clinics treating patients with 2 mg of bulevirtide.
Retrospective data were shared after anonymization and
collected in a central data sheet. The ethics committee of
Hannover Medical School approved the protocol for the retro-
spective analysis (ethical approval number 10161_BO_K_2022).

Laboratory results are all based on local results from each
participating center. Because of differences in HDV RNA assays, a
direct comparison of the absolute individual viral loads was not
possible. However, individual viral kinetics were analyzed after
log-transformation. Virologic response was assumed when a >−2
log decline from baseline occurred or HDV RNAwas undetectable
or below the lower limit of quantification. Virologic non-
response was defined as a maximum decrease of HDV RNA by
1 log or an increase. A decline of HDV RNA by more than 1 log but
less than 2 log was classified as an intermediate virologic
response. Virologic breakthrough was defined as an increase by
>−1 log after virologic response. Cirrhosis was assumed if
confirmed by liver histology or based on the following clinical
parameters if no histology was available: presence of esophageal
varices, platelets below 100,000/ll or transient elastography of
>−15 kPa.

Patients could be included if treatment of chronic HDV
infection was initiated with a daily dose of 2 mg bulevirtide
without additional application of PEG-IFNa. A second inclusion
criterion was detectable HDV RNA at baseline. Cases with
missing baseline information on HDV RNA and/or alanine
aminotransferase (ALT) were excluded from the analysis. In
analogy to clinical trial protocols20 and to reproduce trial results
in a real-world setting, we also investigated response criteria at
distinctive time points (baseline, week 12 and 24) even though
only a subset of patients had data available at all three time
points. The analysis of endpoints at week 12 and 24 was based on
cases with no missing values in the variables displayed. Separate
subsets were created for the analysis of changes in liver stiffness
and IgG as these were not available for all patients.

All statistical tests were carried out with R version
1.2.1335.27,28 Statistical significance was assumed when the p
value was below 0.05. Given the retrospective nature of this
work there was no prior definition of sample size. Our aimwas to
collect as much data as possible from the participating centers.
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Table 1. Baseline patient characteristics.

Baseline patient characteristics (N = 114)

Age, mean ± SD 47 ± 11
Male/female 80/34 (70%/30%)
Cirrhosis 59 (52%)
FibroScan >15 kPa 22
Esophageal varices 31
Histologically confirmed 8
Platelets <100,000/ll 44
Child-Pugh grade

Child-Pugh A 54
Child-Pugh B 4
Child-Pugh C 1

FIB-4, median 2.9
Below 1.3 12%
Above 2.67 52%

Fibroscan® kPa, median (n = 40) 15.9
Above 25 kPa 18%
Below 10 kPa 22.5%

BMI, median (n = 98) 26
ALT U/L, mean ± SD 115 ± 102
Albumin g/L, mean ± SD (n = 111) 41 ± 6
Below 35 g/L, % 17%
Bilirubin lmol/L, mean ± SD 15 ± 10
Platelets *103/ll, median 122
Treatment with NAs (n = 113) 108 (96%)

Tenofovir disoproxil 71
Entecavir 16
Previous PEG-IFNa treatment (n = 110) 55 (50%)

Data are presented as n or n (%) unless otherwise stated.
Shown are characteristics of 114 patients included in the retrospective analysis of
bulevirtide treatment for chronic hepatitis D. The sample size for each variable is
provided in parentheses if deviant from 114.
ALT, alanine aminotransferase; FIB-4, fibrosis-4; NA, nucelos(t)ide analogues; PEG-
IFNa, pegylated interferon alfa.
For the comparison of baseline and follow-up weeks, a paired t
test and Wilcoxon-signed-rank-test for non-parametric data
were used, respectively. Longitudinal data were compared using
a repeated-measurement ANOVA. Individual patients served as
between subject factor, treatment weeks served as within sub-
ject factor and indicator for a significant change during the
observational period. Bonferroni-corrected paired t tests were
used for post hoc comparisons. A univariate ANOVA with post hoc
Tukey test was used for the comparison of baseline character-
istics of patients with and without virologic response.
Figures were created with R version 1.2.1335 and Biorender.com.
Results
In total, data from 121 cases were available for retrospective
analysis. In seven cases, missing baseline information on ALT
Table 2. Comparison of disease characteristics at baseline and after 12 and 2

Patient characteristics (n = 33) Baseline Week 12

Virologic response, n (%) — 7/33 (21%)
Virologic non-response, n (%) — 9/33 (27%)
ALT U/L, mean ± SD 114 ± 73 53 ± 3

Mean ALT change U/L ± SD -61 ± 5
Albumin g/L, mean ± SD 41 ± 5 41 ±

Below 35 g/L, % 12% 15%
Bilirubin lmol/L, mean ± SD 14 ± 9 14 ± 1
Platelets *103/ll, median 133 149

*Baseline vs. week 12, **baseline vs. week 24, ***week 12 vs. week 24.
Data points from baseline, week 12 and 24 were compared with repeated-measurem
statistically significant.
ALT, alanine aminotransferase.
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and/or HDV RNA led to exclusion from the analysis; thus, the
final analysis was based on data from 114 patients. Clinical
characteristics are summarized in Table 1. The majority of pa-
tients selected for bulevirtide treatment had advanced liver
disease, with 52% meeting criteria for the presence of cirrhosis.
Esophageal varices were reported for 31 patients and 44 patients
had platelet levels below 100,000/ll. Overall, 50 patients had
evidence of significant portal hypertension based on either one
of these criteria. Hepatic decompensation at treatment initiation
was present in five cases (Child-Pugh B: n = 4; Child-Pugh C: n =
1; outcome of these patients is reported below). In 99/114 pa-
tients, ALT was elevated (>35 IU/L in female, > 45 IU/L in male
patients), indicating relevant hepatic inflammation. Bulevirtide
was given almost exclusively in combination with NAs and 50
patients had been treated with PEG-IFNa before. Following the
exclusion criterium of this analysis, no patient included here
received bulevirtide in combination with PEG-IFNa. We did not
perform HDV genotyping. However, our study population was
dominated by patients of Caucasian origin (n = 85) and, as known
from epidemiological studies, HDV genotype 1 is the predomi-
nant genotype in the northern hemisphere.4

Overall, this analysis included 4,289 patient weeks of bule-
virtide treatment (Fig. S1). The mean observation time was 38 ±
17.6 weeks. During this time a virologic response (namely an
HDV RNA decline of at least 2 log IU/ml) was observed in 87/114
cases. Undetectable HDV RNA was achieved in 25 cases. The
mean time to virologic response was 23 weeks. In 11 cases, a
virologic breakthrough (>−1 log-increase in HDV RNA after viro-
logic response) was observed. In 33 patients, viral response could
be investigated at week 12 and 24 (Table 2). At week 12, viral
response was observed in 7/33 (21%) and at week 24 in 19/33
(58%) patients. In contrast, 9/33 (27%) and 3/33 (9%) patients had
not reached a 1 log HDV RNA decline, respectively. Viral kinetics
and ALT dynamics of the three cases with virologic non-response
at week 24 are shown in Fig. 1. While a decline of ALT levels was
only transient in one case, the two remaining cases showed
persistent improvements.

In the 87/114 cases with viral response, the ALT had decreased
by 67 IU/L at the time point of viral response. ALT kinetics were
analyzed in more detail at week 12 and week 24. ALT levels
decreased significantly within the first 12 weeks of treatment.
Interestingly, a significant decline of ALT at week 12 and 24 was
also seen in cases without virologic response. Baseline ALT levels
were higher in those without virologic response at week 12
(Fig. 2A). ALT normalization was defined as a decrease below 35
IU/L for female and below 45 IU/L for male patients. Elevated ALT
levels at baseline were measured in 26/33 patients. At week 12
4 weeks of bulevirtide treatment.

Week 24 Post hoc p value

19/33 (58%)
3/33 (9%)

5 47 ± 32 <0.001*
5 -68 ± 66 <0.001**, 0.627***
6 42 ± 6 No post hoc test, ANOVA p = 0.237

9%
1 14 ± 11 No post hoc test, ANOVA p = 0.712

157 No post hoc test, ANOVA p = 0.104

ent ANOVA and post hoc Bonferroni-corrected t tests. p values <0.05 were assumed
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Fig. 1. Viral kinetics and ALT decline in patients with virologic non-
response at week 24 (n = 3). Displayed are individual HDV RNA and ALT
levels of three patients with virologic non-response (<1-log-reduction) at
week 24. Each patient is symbolized by a color. ALT, alanine aminotransferase.
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and 24, ALT had normalized in 9/26 and 5/26 of patients,
respectively.

To investigate predictors for viral response at week 12 and
week 24 we compared baseline characteristics of respective re-
sponders and non-responders as well as patients with interme-
diate viral responses (Table 3). However, there were no
differences in the selected variables ALT, age at baseline and the
presence of cirrhosis.

A loss of HBsAg did not occur. Quantitative HBsAg was
measured in a subset of 20 patients. A decline of >1 log HBsAg IU/
ml did not occur. While HBsAg levels slightly increased between
week 0 (14,635 IU/ml ± 15,006) and 12 (16,726 ± 17,533; p =
0.032), this observation could not be made between week 0 and
24 (15,011 IU/ml ± 18,975; p = 0.426).

Fibrosis-4 (FIB-4) values also showed a significant decline
duringbulevirtide treatment (Fig. 3). Thiswasobserved inpatients
without cirrhosis (Fig. 3A) andwith cirrhosis (Fig. 3B). The post hoc
test demonstrated a significant decline in FIB-4 score between
week 0 to 12 (p = 0.007) in patients with cirrhosis (Fig. 3B). In
patients without cirrhosis (Fig. 3A) this was observed between
week 0 to 24 (p = 0.003). In a small subset of patients (n = 12),
longitudinal measurements of liver stiffness via transient elas-
tography (FibroScan) were available. In contrast to the FIB-4
decline, there was no significant effect, indicating stable liver
stiffness in this subgroup (data not shown). In another subset of
Table 3. Comparison of baseline characteristics depending on the viral respo

Patient characteristics
at baseline (n = 33)

Viral response
at week 24 (n = 19)

Viral non-response
at week 24 (n = 3)

ALT U/L, mean ± SD 114 ± 85 140 ± 10
Age, years ± SD 49 ± 8 36 ± 9
Cirrhosis, n 12/19 2/3
Platelets *103/ll, median 133 158

*Response vs. non-response, **Response vs. intermediate response, ***Non-response vs
Data were compared by univariate ANOVA followed by a Tukey post hoc test. A Pearso
ALT, alanine aminotransferase.
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patients, measurements of IgG were conducted (n = 15, Fig. 4).
Cirrhosis was present in 10/15 patients. Mean baseline IgG (g/L)
levels were elevated (21.7 ± 5.5) and decreased within 12 (19.8 ±
4.9, p = 0.001) and 24 weeks (18.1 ± 4.3, p = 0.001) of treatment.

There was evidence of decompensated liver disease at treat-
ment initiation in five patients. Four cases were classified as
Child-Pugh B and one case as Child-Pugh C. These patients are of
special interest as clinical trials excluded patients with decom-
pensated cirrhosis. As shown in Fig. 5, all five patients showed a
virologic response. All but one patient showed decreasing ALT
levels and rising platelet counts. One patient with refractory
ascites (shown in purple in Fig. 5) experienced a temporary
improvement in ascites.

In total, bulevirtide treatment was stopped in 6/114 cases. We
have no evidence of drug-related serious adverse events leading
to the termination of bulevirtide. In one case, treatment was
stopped after liver transplantation for pre-existing HCC. In one
patient, bulevirtide treatment was stopped after an event of
hepatic decompensation. The event was considered to be unre-
lated to bulevirtide treatment by the responsible physician. In
one case, insufficient response led to the termination of bule-
virtide. In a second case with hepatic decompensation and de
novo development of ascites during treatment, bulevirtide was
continued. In that case, ascites improved under continued
bulevirtide treatment, leading to hepatic re-compensation. In
nse status at week 24.

Intermediate viral response
at week 24 (n = 11)

Post hoc p value

109 ± 64 0.85*, 0.98**, 0.80***
47 ± 16 0.20*, 0.93**, 0.32***
4/11 0.33 (overall group comparison)
130 0.52*, 0.86**, 0.65***

. intermediate response.
n Chi-square test was used for the presence of cirrhosis.
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one case, the diagnosis of HCC was made under treatment and
treatment was continued.
Discussion
Bulevirtide is the only approved treatment for hepatitis D.
Herein, we report the first data from the largest multicenter
real-world cohort of patients with hepatitis D treated with the
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approved dose of 2 mg bulevirtide without additional PEG-IFNa.
Our main findings were that (i) more than 50% of patients
indeed achieve a virologic response (at least 2 log HDV RNA
decline) with less than 10% of patients not achieving an HDV
RNA drop of at least 1 log after 24 weeks; (ii) an improvement of
biochemical hepatitis activity as measured by ALT values was
seen regardless of virologic response status, and (iii) treatment
was safe and well tolerated and prolonged treatment was
associated with better clinical surrogate parameters of cirrhosis
and portal hypertension.

Most patients showed an HDV RNA decline which was
evident at 12 weeks of bulevirtide treatment and which
continued throughout the ongoing therapy. Supposedly, bule-
virtide does not interfere with the HDV life cycle in already
infected cells but blocks HDV/HBV entry. Thus, not yet infected
hepatocytes are protected by bulevirtide. A decline of HDV RNA
during bulevirtide treatment should reflect a reduction of cells
producing HDV RNA. This process takes some time, explaining
why it may take several months to observe a profound HDV RNA
decline in individual patients. Loss of HDV-infected cells has
been demonstrated in bulevirtide-treated patients undergoing
repeated liver biopsies in phase II and III trials.29,30 However, this
process may differ between individuals and could be influenced
by inter-individual variabilities in host immunity.31 On the other
hand, HDV infection may be propagated by cell division which is
not affected by bulevirtide. Whether cell-to-cell spread can
explain a lack of virologic response in some patients remains to
be investigated. We have to highlight that an increase in bile salts
as a surrogate for an effective blocking of NTCP can be observed
even in patients with a virologic non-response.32 Thus, de novo
infection should be blocked in these patients and stable HDV
RNA levels or even rebounds can only be explained by an in-
crease in HDV-infected cells through other mechanisms.

In line with observations from previous trials and preliminary
findings from other real-world cohorts,21,23,24 we also did not see
a single patient with HBsAg loss during bulevirtide treatment.
This is important as HDV RNA relapses after stopping bulevirtide
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are likely in patients who do not lose HBsAg, even though a
single case report – presented during a recent meeting – sug-
gested that HDV cure may be possible in some patients after
three years of bulevirtide monotherapy.33

Importantly, a virologic response with HDV RNA declines
translated into improvements of hepatitis activity in most pa-
tients. This is an important observation supporting the useful-
ness of the combined virologic and biochemical primary
endpoint in clinical trials suggested by the FDA and EMA.34

Interestingly, profound declines in ALT levels were also
observed in some patients who were classified as virologic non-
responders. Detailed mechanisms explaining this observation
are currently lacking. One hypothesis is that an increase in bile
salts may have anti-inflammatory effects on different immune
cells.35,36 Moreover, NTCP blockade may protect hepatocytes
from overload with bile salts and thereby confer hep-
atoprotective effects.37 The improvement of hepatitis activity
was thereby accompanied by a decline in IgG levels. Elevated IgG
levels are commonly observed in autoimmune hepatitis. Features
of autoimmunity have also been described in hepatitis D38 and
elevated IgG levels are frequently measured. The observed
decline in IgG levels might therefore be a consequence of low-
ered hepatic inflammation and an additional response marker.
Elevated IgG levels are also commonly observed in cirrhosis. As
the majority of patients with available IgG measurements had
cirrhosis, the observation of declining IgG levels might also be
the consequence of reduced systemic inflammation due to
improving cirrhosis and portal hypertension.

Importantly, bulevirtide treatment was safe in this real-world
cohort and there were no apparent drug-related adverse events
leading to treatment discontinuation. Two patients with
compensated cirrhosis experienced an episode of hepatic
decompensation during bulevirtide therapy. In one case, treat-
ment was stopped. However, the event was considered to be
unrelated to treatment. Treatment was continued in the other
case, as the individual risk of a hepatitis flare caused by stopping
bulevirtide treatment was considered too high. In fact, hepatic
re-compensation occurred under continued bulevirtide treat-
ment. In addition, we herein report data from five patients with
initially decompensated liver disease who showed good virologic
and biochemical response rates. This is the very first – even
though anecdotical – evidence that bulevirtide may also safely be
given to patients with decompensated cirrhosis. However, pro-
spective trials are urgently needed to determine the role of
bulevirtide in this vulnerable group of patients. More than 95% of
patients were treated with NAs. While the coadministration of
NAs is considered safe and has been practiced in clinical trials,
certain drug-drug-interactions have to be considered. Based on
in vitro tests, substances interfering with the NTCP-receptor (e.g.
ciclosporin A, ritonavir, ezetimibe) are not recommended during
bulevirtide treatment.39

Interestingly, as a non-invasive marker of liver disease
severity, FIB-4 improved over time. Beside the decrease in liver
enzymes, the decline of FIB-4 is further substituted by the trend
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of increasing platelet counts during treatment. This has also been
observed in an Italian cohort of patients with advanced
compensated cirrhosis treated with bulevirtide.21 In contrast,
liver stiffness measurements did not reveal significant changes
over time, however, data were available only for a small sub-
group of patients. In order to adequately capture improvements
in portal hypertension and cirrhosis, repeated invasive tests such
as liver biopsies or hepatic venous pressure gradient measure-
ments are of great interest. Overall, we would suggest that
beyond HDV RNA declines and improvements in liver enzymes,
there is evidence that prolonged bulevirtide treatment will
translate into a reduction of clinical complications of liver dis-
ease in most patients with cirrhosis.

tThis study has obvious strengths and limitations. A large
number of patients were treated in 16 centers outside of clin-
ical trials. We estimate that more than 50% of patients treated
with bulevirtide in Germany within the first 6 months after
EMA approval were included in this analysis. Consequently, this
report clearly reflects the true real-world setting of hepatitis D
in Germany. It also needs to be highlighted that more than 50%
of patients had cirrhosis, including 44% of patients with evi-
dence of portal hypertension defined as the presence of
esophageal varices or platelet counts below 100,000/ll. Thus,
we demonstrate that bulevirtide is safe and effective in a
cohort of patients with advanced compensated cirrhosis.
Moreover, five cases with hepatic decompensation at treatment
start were included.

However, we have to acknowledge that – given the nature of a
retrospective analysis of real-world experience – data collection
did not follow a standardized treatment protocol. Patient selec-
tion and management of patients with suboptimal virologic
response may have differed between sites. There was also no
centralized diagnostic virology laboratory, which precluded an
analysis of absolute HDV RNA levels at distinct time points, only
allowing for the investigation of relative HDV RNA declines.
Several studies showed that there is large variation in HDV RNA
quantification even between experienced diagnostic labora-
tories.40–42 Moreover, based on the nature of this retrospective
collection of routine clinical data, not all data were available for
all patients at all time points.

In summary, we herein report data on more than 100 patients
with hepatitis D treated outside of clinical trials with a daily dose
of 2 mg bulevirtide without additional PEG-IFNa. We confirm
experiences from pivotal phase II and III trials and highlight that
a subgroup of patients may not sufficiently respond in terms of
HDV RNA decline or experience virologic relapse despite
continued bulevirtide treatment. Alternative treatment strate-
gies need to be developed for these patients.13 Future studies
also need to explore if bulevirtide treatment could be stopped in
some patients, which was not addressed here as almost all of our
patients are still continuing bulevirtide therapy. Based on our
experience, we suggest that bulevirtide is a safe and largely
effective treatment option for patients with hepatitis D which
can be offered to all patients with compensated liver disease.
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Fig. S1. Overview of sample sizes and time points of data analysis. 

Shown are sample sizes on which baseline, week 12 and 24 analysis are based. 

Furthermore, total patient weeks, the number of cases with viral response, mean time 

to viral response and the mean observation time of the 114 included cases are 

presented. 
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