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Abstract

Background and Aims: Chronic hepatitis D is the most debilitating form

of viral hepatitis frequently progressing to cirrhosis and subsequent

decompensation. However, the HDV entry inhibitor bulevirtide is only

approved for antiviral treatment of patients with compensated disease. We

aimed for the analysis of real-world data on the off-label use of bulevirtide in

the setting of decompensated liver cirrhosis.

Abbreviations: BLV, bulevirtide; cACLD, compensated advanced chronic liver disease; CHD, chronic hepatitis D; dACLD, decompensated advanced chronic liver
disease; EMA, European Medicines Agency; FDA, Food and Drug Administration.
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Approach and Results: We conducted a retrospective study in patients

with HDV with decompensated liver disease at German, Austrian, and

Italian centers. We included 19 patients (47% male, mean age: 51 years)

with liver cirrhosis Child-Pugh B. The median MELD score was 12 (range

9–17) at treatment initiation. The median observation period was

41 weeks. Virologic response was achieved in 74% and normal alanine

aminotransferase was observed in 74%. The combined response was

achieved by 42%. The most relevant adverse events included self-limited

alanine aminotransferase flares, an asymptomatic increase in bile acids,

and the need for liver transplantation. Despite bile acid increases, adverse

events were considered unrelated. Clinical and laboratory improvement

from Child-Pugh B to A occurred in 47% (n = 9/19). Improvements in the

amount of ascites were observed in 58% of the patients initially presenting

with ascites (n = 7/12).

Conclusions: This report on off-label bulevirtide treatment in patients with

decompensated HDV cirrhosis shows similar virologic and biochemical

response rates as observed in compensated liver disease. Significant

improvements were observed in surrogates of hepatic function and portal

hypertension. However, this improvement was not seen in all patients.

Controlled trials are needed to confirm the safety and efficacy of bulevir-

tide in decompensated HDV cirrhosis.

INTRODUCTION

Chronic hepatitis D (CHD) is the most debilitating form of
viral hepatitis.[1] Patients coinfected with the HDV) are at
increased risk of developing liver cirrhosis[2] and associ-
ated complications such as hepatic decompensation.[3,4]

The progression from compensated (cACLD) to
decompensated advanced chronic liver disease
(dACLD) is a critical event as mortality risks are
substantially elevated once decompensation occurs.[5]

Referring to the current Baveno VII consensus criteria,
decompensation is defined as the development of
overt ascites, HE, or variceal bleeding.[5] Besides the
management of cirrhosis complications, treating the
underlying disease is paramount for achieving an
improvement in liver function and resolution of
cirrhosis complications eventually. While early access
to treatment as a preventive measurement in cACLD
should be the goal, specific treatment options also for
patients that progressed to dACLD are needed in
clinical reality. In the context of CHD, the first
conditional and now full approval of bulevirtide (BLV)
by the European Medicines Agency changed the
therapeutic field.[6] BLV is an HDV entry inhibitor that
blocks sodium taurocholate co-transporting poly-
peptide—the main transporter for bile acid uptake—
which is needed for the entry of HDV but also the

HBV.[7] In clinical trials, it was shown that BLV leads to
viral and biochemical response,[8,9] a finding that was
reproduced in several real-world studies.[10–13] How-
ever, according to study inclusion criteria, the approval
of BLV is limited to patients with cACLD, leaving the
most vulnerable patient collective with dACLD without
an option for antiviral treatment. We recently reported
anecdotical evidence that in selected cases BLV
treatment might be safe and effective despite the
presence of hepatic decompensation.[10] It was our
aim to provide more real-world experience on the so
far off-label use of BLV in patients with dACLD.
The results can serve as a base for urgently
needed controlled trials to overcome the lack of
antiviral treatment options for patients with dACLD
due to CHD.

METHODS

In collaboration with German, Austrian, and Italian
centers, we collected anonymized, retrospective data
from patients with dACLD due to CHD. This data
collection was approved by the ethics commission at
Hannover Medical School (ethical approval number
10161_BO_K_2022) and conducted in accordance with
the declaration of Helsinki and Istanbul. Given the
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anonymized and retrospective data collection no written
informed consent was needed. We included patients
with BLV monotherapy at a daily dose of 2 mg given
subcutaneously. Decompensation was defined accord-
ing to the Baveno VII consensus[5] by significant ascites,
HE, or variceal bleeding.

Response criteria to antiviral BLV treatment were
defined as follows: Biochemical response was assumed
when ALT values were or remained within the reference
range. Virologic response was defined by either a ≥ 2
log decline from baseline or if HDV-RNA was
undetectable or below the lower limit of quantification.
Virologic nonresponse was defined by an HDV-RNA
decline by <1 log or an increase. Partial virologic
response was assumed when HDV-RNA declined by
> 1 log but <2 log. Virologic response was assessed at
each available treatment week and not at predefined
timepoints. Individual MELD values were calculated
using the following equation after INR, creatinine, and
bilirubin values <1 mg/dL were set to 1, and creatinine
levels >4 mg/dL were set to 4[14]:

= * + * + * ( ) +⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

MELD creatinine
mg

dl
bilirubin

mg

dl
INR9.57 ln 3.78 ln 11.2 ln 6.43

A substantial change in bilirubin levels was assumed
if values changed by more than 5 μmol/L. Changes in
platelet count were considered relevant when being
> 10,000/μL and when this had been confirmed by at
least 2 consecutive measurements.

Due to the real-world character of this study,
laboratory results were generated at local laboratories.
For this reason, absolute HDV-RNA levels cannot be
compared. We therefore display relative changes
on the log scale to visualize viral kinetics. Under
treatment, cirrhosis complications and potential treat-
ment-related adverse events were assessed by the
responsible physicians. In the same way, improve-
ments in liver function and portal hypertension were
documented and shared in the process of data
collection.

Data preparation and analysis were carried out using
R version 1.2.1335.[15] Due to the retrospective charac-
ter of this analysis, there was no prior sample size
planning, but all available data were included. Figures
were created using R version 1.2.1335, Microsoft Office
Excel 16.16.5, and GraphPad Prism.

RESULTS

The retrospective analysis included 19 patients (Table 1)
with liver cirrhosis Child-Pugh B and clinical signs of
hepatic decompensation. Ascites was present in 12 (63%)
patients (n = 5 grade 1, n = 6 grade 2, n = 1 grade 3).
Liver function parameters showed impaired liver function
with albumin levels below 35 g/L in 15 (79%), INR above

1.5 in 5 (26%), and bilirubin levels above 34 μmol/L in
9 (47%) patients. As expected in decompensated liver
disease, platelet counts as a surrogate for portal
hypertension were decreased in all patients. The median
observation period was 41 weeks (16–104, IQR: 26–75).
With the exception of one patient who required early liver
transplantation at week 16, all patients concluded a
minimum of 24 treatment weeks. End points were
assessed at each available timepoint and not only at
predefined timepoints taking into account the retrospective
real-world design of the study. Throughout the observation
period, virologic response (Figure 1) was achieved in 14
patients (74%) after a median treatment duration of 17
weeks (IQR: 16–32). Partial response was seen in 3
patients (16%), while 2 cases (11%) were virologic
nonresponders at the end of the individual observation
period. In those with virologic response, a relapse of HDV-
RNA by >1 log was observed in 4 cases. This coincided
with a slight increase in ALT in 2 cases and with a
significant ALT flare (ALT >3 ULN) in one patient.
Following the increase, HDV-RNA levels showed a decline
in 2 cases while it stayed elevated in another one. In one
case, the relapse occurred at the end of the observational
period with no further data on additional follow-up weeks.
Biochemical response (Figure 1) with normalization of ALT

TABLE 1 Baseline characteristics of patients with Child-Pugh B
liver cirrhosis and signs of decompensation at bulevirtide treatment
initiation

Patient characteristics

Patients, n (%) 19 (100)

Age (mean) 51±10

Male, n (%) 9 (47)

MELD (median, range) 12 (9–17)

Ascites, n (%) 12 (63)

Esophageal varicesa, n (%) 14 (74)

History of variceal hemorrhage, n (%) 2 (11)

HCC, n (%) 2 (11)

Albumin g/L (median, range) 31 (28–44)

INR (median, range) 1.4 (1.0–1.6)

Bilirubin μmol/L (median, range) 32.5 (8.9–82)

Platelet count/μL (median, range) 65,000
(17,000–140,000)

Thrombocytopenia<150,000/μL, n (%) 19 (100)

Alanine transaminase IU/L
(median, range)

82 (32–307)

Elevated baseline alanine
transaminase >45 U/L, n (%)

18 (95)

History of interferon treatment, n (%) 5 (26)

HBsAg U/Lb (mean, range) 10,826 (723–25,488)

HBeAg negativeb, n (%) 11 (58)

aAn upper gastrointestinal tract endoscopy was available in n = 16 patients.
bHBsAg and HBeAg at baseline were available in n = 12 patients.
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occurred in 14 patients (74%) after a median of 13 weeks
(IQR: 9–16). The combined response was achieved by
8 patients (42%; median treatment week = 19, IQR:
16–27; see Table 2 for individual treatment results). In
analogy to clinical trials, treatment response was also
evaluated at week 24. The analysis was based on the data
acquired between weeks 22 and 26 (n = 11; Table 3).
Virologic responsewas already achieved by 64%while the
proportion of biochemical responders was substantially
lower than in the overall cohort.

When comparing median Child-Pugh and MELD
scores from baseline with the latest treatment week of
each patient, stable scores were noted (Child-Pugh B7,
MELD 12).

However, when analyzing individual changes in liver
function, mixed responses could be described (Figure 2).
In some cases, liver function declined with subsequent
rises in MELD (Figure 2A) and bilirubin (Figure 2B), finally
leading to liver transplantation. Improvements were
especially seen in albumin levels (n = 6) while a
substantial decrease by more than 1 g/L was noted only
in 3 cases (Figure 2C). Rising platelet counts were
measured in 10 patients while substantial increases by
>10,000/μL confirmed by at least 2 consecutive

measurements as surrogate for improvements in portal
hypertension were noted in 4 patients (Figure 2D).

Individually, improvements in ascites and liver
function led to a downstaging from Child-Pugh B to A
in 9 patients (47%). As summarized in Table 2, clinical
improvements were mainly due to the resolution of
ascites with discontinuation of diuretic treatment in
selected cases (n = 4).

Adverse events included the development of ascites
in 3 patients of which 2 had already responded virologically
(Table 2). Normalization of ALT had not occurred in
any of these cases. In more detail, the development of
ascites was linked to a rise in the MELD score, which
consequently led to the requirement of liver transplantation
(n = 1). Another case had HCC as an additional risk factor
for decompensation. Liver transplantation was required in
a total of 3 patients (Table 2) with declining liver function
and worsening of ascites regardless of lowered HDV-RNA
levels (n = 3) and improved ALT (n = 2). BLV treatment
was terminated at liver transplantation. During BLV
therapy, 2 patients developed ALT flares with ALT
increases >3 ULN. These flares were self-limited. In
one patient, the ALT increase was accompanied by
an increase in HDV-RNA of >1 log and the occurrence
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F IGURE 1 Viral kinetics and ALT course of n = 19 patients divided by virologic response (A, B) and partial/nonresponse (C, D). Shown are
individual kinetics of HDV-RNA on a log scale for patients with virologic response (A) and those with partial or nonresponse (C). Viral response
was achieved in n = 14 patients of which in 2 cases HDV-RNA became negative. Individual kinetics of ALT are displayed in (B) for virologic
responders and in (D) for partial and nonresponders. The dashed line in (B + D) indicates the threshold above which values are considered
elevated.
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TABLE 2 Individual treatment response during the bulevirtide observation period

Child-Pugh Ascites

ID Naseline
On

treatment Baseline
On

treatment

Change in
Diuretic

Treatment
Virologic
response

Biochemical
response/ALT
normalization

Liver transplantation,
indication

Adverse events, assessment of
causal relation to bulevirtide

therapy
Observation
period (wk)

1 B7 A5 Grade 2 Resolved
week 12

Discontinued Week 20 Week 12 No — 48

2 B8 A6 Grade 2 Resolved
week 36

Discontinued Week 36 Week 32 No — 75

3 B8 A6 Grade 2 Resolved
week 64

Discontinued Week 20 Week 12 No — 30

4 B7 A5 Grade 1 Resolved
week 14

Discontinued Week 14 Week 11 No — 95

5 B7 A6 Grade 1 — — Week 18 Week 14 No — 41

6 B8 A6 No
ascites

— — Week 52 ALT reduction
(189, 106)

No — 104

7 B8 A6 Grade 2 Grade 1
week 4

Reduced
dosage

Week 8 Week 48 No — 48

8 B7 A6 No
ascites

— — Week 16 Week 8 No Death after 24 wk of
treatment, unrelated

24

9 B7 B7 No
ascites

De novo
(week 60)

— Week 36 ALT reduction
(82, 61)

No ALT flare at week
60, unrelated

85

10 B7 B8 Grade 1 Grade 2 — Partial
response

Week 8 Yes, decline in liver
function

— 16

11 B8 B7 Grade 3 Grade 1
(week 94)

Stable dosage Week 8 Week 40 No Acute abdomen due to
incarcerated hernia, unrelated

94

12 B7 B9 Grade 1 Grade 2
(week 16)

— Partial
response

Week 16 Yes, decline in liver
function

— 24

13 B9 B9 Grade 2 Grade 2 — Nonresponse ALT increase (66, 84) No — 22

14 B7 B9 No
ascites

De novo
(week 48)

— Week 16 ALT increase (32, 74) Yes, decline in liver
function with de novo

ascites

— 56

15 B9 B7 No
ascites

/ — Week 16 Week 8 No ALT flare at week 24,
unrelated

32

16 B8 A5 Grade 2 Resolved
week 24

— Week 48 Week 48 No — 74

17 B7 B7 No
ascites

De novo
(week 8)

— Week 16 Wek 16 No — 32

18 B7 B8 No
ascites

— — Partial
response

ALT reduction
(166, 46)

No — 28

19 B8 B8 Grade 1 Grade 1 Stable dosage Nonresponse Week 16 No — 24
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of ascites, while the other patient showed stable
virologic response. During treatment, asymptomatic
increases in bile acids were noted (76 μmol/L±76 vs.
170 μmol/L±195). One patient developed an acute
abdomen with the need for surgery and subsequent
decompensation due to an incarcerated hernia; one
patient died from other reasons. Despite the increase in
bile acids, recorded adverse events were considered to be
unrelated to the BLV treatment.

DISCUSSION

To our knowledge, this is so far the largest real-world
analysis of the off-label use of BLV in patients with
decompensated liver cirrhosis due to CHD. We dem-
onstrate (1) that the use of BLV in this vulnerable patient
population is associated with virologic response rates
comparable to the results from clinical trials and
published real-world studies in compensated patients.
Furthermore, (2) ALT normalization as a surrogate for
reduced hepatocellular injury is frequently observed.
Besides virologic and biochemical responses, we also
saw (3) clinical benefits with conversion from Child-
Pugh B to Child-Pugh A and improved control of ascites
in some patients. Adverse events included the devel-
opment or worsening of ascites and a decline in liver
function with the need for liver transplantation. These
(4) adverse events were considered to be not attributed
to the use of BLV but rather the consequence of the
natural disease course. Consequently, there were no
treatment discontinuations due to adverse events.
However, liver transplantation was required in three
patients. At the timepoint of transplantation, patients
had not fully responded to BLV therapy. The post-
transplant course of these patients with HDV and their
further use of HBV/HDV prophylaxis[16] will be followed.
Overall, MELD scores remained stable in the majority of
patients.

Patients coinfected with HDV are at higher risk of
developing liver cirrhosis and subsequent complications.

[17] So far, there is no approved treatment for patients with
decompensated cirrhosis due to CHD. The observed
improvements in clinical and laboratory parameters
suggest an improvement of hepatic function and/or of
portal hypertension potentially linked to the use of BLV.

Besides clinical efficacy, safety considerations are of
utmost importance when considering the use of BLV in
decompensated cirrhosis. A commonly observed
adverse effect of BLV is the elevation of serum bile
acids, which is explained by the sodium taurocholate co-
transporting polypeptide blockade.[8] In line with this
observation, increases in bile acids were also noted in
this population. Mainly in the context of cholestasis, bile
acids were found to confer hepatotoxic effects through
the activation of apoptotic signaling pathways.[18] How-
ever, in clinical trials, the observed increase in bile acids
under BLV treatment remained asymptomatic.[8,9,19]

There are even molecular considerations on potential
hepatoprotective effects of the BLV-mediated shielding
of hepatocytes from bile acids. In cholestatic mice, it
could be shown that the blockage of sodium taurocholate
co-transporting polypeptide protects hepatocytes from
the toxic effects of bile acids.[20] Molecular investigations
on the impact of BLV on the hepatic bile acid metabolism
in patients have not been performed in patients so far.
Regarding safety, one has to consider that once BLV is
started in a patient with dACLD, stopping BLVmight then
bear the risk of severe ALT flares related to an HDV
rebound. Recently, it was shown that viral relapses after
discontinuation of BLV occur while relevant ALT eleva-
tions were rare.[21] However, ALT flares might have
detrimental effects on the function of an already cirrhotic
liver as observed in hepatitis B.[22] In fact, in one of our
patients, an increase in HDV-RNA was accompanied by
an ALT flare and the development of ascites. In HBV
monoinfection, the termination of a treatment is not
recommended in patients with dACLD.[23] Similarly, BLV-
associated elevations of transaminases[8] might be more
dangerous in individuals with dACLD than in those with
cACLD or without cirrhosis.

While this case report series gives an insight into
the feasibility of BLV treatment in decompensated
cirrhosis, controlled trials are urgently needed to
thoroughly investigate safety and efficacy. Until then
no general recommendation on the use of BLV in
dACLD can be made, but clinical case-by-case
decisions are necessary. While the use of virologic
and biochemical end points was endorsed by the
European Medicines Agency (EMA) and Food and
Drug Administration (FDA),[24] it needs to be evaluated
if virologic and biochemical improvements translate
into clinical benefits. In this context, the resolution of
ascites and discontinuation of diuretics leading to an
improvement from Child-Pugh B to A in a considerate
number of patients is promising. Importantly, such
clinical improvements were also seen prior to virologic
response but were accompanied by a decline in ALT

TABLE 3 Endpoint analysis at week 24 (n = 11)

End point
Achieved at week 24

(range weeks 22–26), n (%)

Virologic responsea 7 (64)

Biochemical responseb 5 (46)

Combined responsec 4 (36)

Improved Child-Pugh
staged

3 (27)

aVirologic response is defined as either a ≥ 2 log decline from baseline or HDV-
RNA negativity.
bBiochemical response is assumed when alanine transaminase values were or
remained within the reference range.
cCombined response is assumed when virologic and biochemical responses are
achieved.
dPercentage of patients that improved from the initial Child-Pugh B stage to
Child-Pugh A.
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as a surrogate for amelioration of hepatic inflamma-
tion. This points toward the particular importance of
biochemical response in the group of decompensated
patients. Thus, the duration of BLV therapy should be
determined based on clinical benefits rather than
virologic response criteria, especially in patients with
decompensated cirrhosis. However, clinical improve-
ments were not seen in all patients and median MELD
scores were stable. In a few cases, ALT flares and
rises in HDV-RNA occurred. The natural disease
progression could not be stopped in all patients and
liver transplantation had to be performed in some
individuals. We could not find a certain MELD
threshold that was associated with clinical nonres-
ponse and further deterioration of the liver function.
Taken together, a close monitoring of treatment
response and clinical disease course is indicated.
For future assessments, the evaluation of transplant-
free survival, improvements in portal hypertension, or
the impact on MELD scores are clinically of great
interest. Based on such results, different treatment
modalities (eg, bridge-to-transplant) could be eval-
uated. While acknowledging fundamental differences
in antiviral treatments for HCV, HBV, and HDV, the
underlying concept of achieving viral control and
thereby less hepatocellular damage is comparable.
Experience from the treatment of HCV and HBV might
therefore serve as orientation when discussing poten-
tial benefits expected from BLV treatment in dACLD.
Notably, in patients cured of the HCV by direct-acting
antivirals, those with decompensated cirrhosis (ie,
Child B/C) did show an improvement in MELD, but this
was not associated with improved event-free
survival.[25] Importantly, antiviral therapy still allowed
for the successful delisting of previously decompen-
sated patients with hepatitis C from the liver trans-
plantation waiting list due to clinical improvements.[26]

This is in line with observations in decompensated
patients with HBV cirrhosis—which is likely more
similar to the setting of HDV, which showed that
prolonged suppression of HBV replication by entecavir
therapy may lead to cirrhosis recompensation in
56.2% of the patients.[27]

This study has limitations. Parts of the patients were
included in previous data analysis but were comple-
mented by new data. The results displayed were
generated at each participating center and according
to local laboratories, which impacts the comparability.
Most importantly, this real-world study was carried out
retrospectively without a control arm, so observed
changes are not necessarily linked to the use of BLV.
This has to be overcome by prospective controlled
trials. We also cannot rule out a selection bias as
patients included here were exclusively treated at
tertiary referral centers and might therefore differ in
their disease severity from the general population of
patients with dACLD due to CHD.

In summary, we report real-world experience from
19 patients with CHD and decompensated cirrhosis
treated with BLV. Based on our results, the use of BLV
in this vulnerable population seems to be associated
with similar virologic and biochemical response
rates as in compensated patients. However, clinical
improvement did not occur in all patients, and some
patients experienced further decompensation includ-
ing the need for liver transplantation in three patients.
However, BLV may still exert beneficial effects on the
transplant waiting list by reducing the risk of further
decompensation and/or of HBV/HDV reinfection of the
liver graft.

Importantly, since the clinical responses under BLV
in decompensated patients with HDV cirrhosis were
heterogenous, they need to be closely monitored. The
use of BLV in decompensated liver disease cannot be
generally recommended at this stage. Therefore, con-
trolled trials are urgently needed.
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