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ABSTRACT

BACKGROUND
The authors’ full names, academic de- Coinfection with hepatitis D virus (HDV) accelerates the progression of liver dis-

grees, and affiliations are listed inthe Ap- - ea5e associated with chronic hepatitis B. Bulevirtide inhibits the entry of HDV into
pendix. Dr. Wedemeyer can be contacted
hepatocytes.

at wedemeyer.heiner@mh-hannover.de
or at the Department of Gastroenterology,

Hepatology, Infectious Diseases, and En- METH_ODS . . . . . .. . .
docrinology, Hannover Medical School, In this ongoing phase 3 trial, patients with chronic hepatitis D, with or without

OE6810, Carl-Neuberg-Str. 1, 30625 Han-  compensated cirrhosis, were randomly assigned, in a 1:1:1 ratio, to receive bule-
nover, Germany. virtide subcutaneously at 2 mg per day (2-mg group) or 10 mg per day (10-mg
*The members of the MYR 301 Study group) for 144 weeks or to receive no treatment for 48 weeks followed by bule-
Group and Collaborators are listed in  yi1jqe subcutaneously at 10 mg per day for 96 weeks (control group). Patients will
the Supplementary Appendix. . .
complete 96 weeks of additional follow-up after the end of treatment. The pri-
mary end point was a combined response at week 48 of an undetectable HDV RNA
level, or a level that decreased by at least 2 log,  IU per milliliter from baseline,
N Engl ] Med 2023;389:22-32. o . .
DOI: 10.1056/NE)Moaz213429 and no¥mahzat10n of the alanine aminotransferase (ALT) leve.l. The key sefzondary
Copyright © 2023 Massachusetts Medical Society. end point was an undetectable HDV RNA level at week 48, in a comparison be-
tween the 2-mg group and the 10-mg group.

This article was published on June 22,
2023, at NEJM.org.

RESULTS
A total of 49 patients were assigned to the 2-mg group, 50 to the 10-mg group, and
51 to the control group. A primary end-point response occurred in 45% of patients
in the 2-mg group, 48% in the 10-mg group, and 2% in the control group (P<0.001
for the comparison of each dose group with the control group). The HDV RNA
level at week 48 was undetectable in 12% of patients in the 2-mg group and in 20%
in the 10-mg group (P=0.41). The ALT level normalized in 12% of patients in the
control group, 51% in the 2-mg group (difference from control, 39 percentage points
[95% confidence interval {CI}, 20 to 56]), and 56% in the 10-mg group (difference
from control, 44 percentage points [95% CI, 26 to 60]). Loss of hepatitis B virus
surface antigen (HBsAg) or an HBsAg level that decreased by at least 1 log, IU per
milliliter did not occur in the bulevirtide groups by week 48. Headache, pruritus,
fatigue, eosinophilia, injection-site reactions, upper abdominal pain, arthralgia, and
asthenia were more common in the 2-mg and 10-mg groups combined than in the
control group. No treatment-related serious adverse events occurred. Dose-depen-
dent increases in bile acid levels were noted in the 2-mg and 10-mg groups.

CONCLUSIONS
After 48 weeks of bulevirtide treatment, HDV RNA and ALT levels were reduced in
patients with chronic hepatitis D. (Funded by Gilead Sciences; MYR 301 ClinicalTrials
.gov number, NCT03852719.)
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PHASE 3 TRIAL OF BULEVIRT

EPATITIS D VIRUS (HDV) IS A SATELLITE
RNA virus that requires hepatitis B vi-
rus (HBV) surface antigen (HBsAg) for
entry into hepatocytes and for propagation. HDV
is estimated to affect between 10 million and
20 million persons worldwide.! In the United
States, 5 to 10% of persons who are positive for
HBsAg are also seropositive for anti-HDV anti-
body, which means that HDV infection meets the
threshold for designation as an orphan disease
(i.e., a disease occurring in <200,000 persons).!
Long-term coinfection with HBV and HDV is
considered to be the most serious type of chron-
ic viral hepatitis.>* Relative to HBV monoinfec-
tion, HBV-HDV coinfection accelerates the course
of disease, thus increasing the risk of cirrhosis,
hepatocellular carcinoma, the need for liver
transplantation, and early death.>® Oral antiviral
drugs currently available for the treatment of
HBV infection are effective as monotherapy in
suppressing HBV replication, but they do not ef-
fectively suppress HDV replication.*® Pegylated
interferon alfa is used off-label for treating HDV
infection, but it is contraindicated in a large
proportion of patients, is associated with toxic
effects, and has a low likelihood of resulting in
a sustained virologic response (which occurs in
<30% of patients at 6 months after treatment),>!1?
even when the treatment duration is prolonged
to 96 weeks.!! In addition, late relapses occurring
6 months or later after interferon treatment have
been described.’*™
In the absence of approved HDV therapies, the
Food and Drug Administration (FDA) recom-
mends that investigational antiviral treatments
for chronic hepatitis D should be capable of de-
creasing viral replication and reducing liver in-
flammation as evidenced by a biochemical re-
sponse. Because a 2-log,  decline in the HDV RNA
level has been associated with clinical benefit, the
FDA recommends, as a surrogate end point for
treatment, an undetectable HDV RNA level or a
level that is decreased by at least 2 log, IU per
milliliter, in combination with normalization of
the alanine aminotransferase (ALT) level.*>°
Sodium taurocholate cotransporting polypep-
tide (NTCP), a carrier protein expressed on the
basolateral membrane of hepatocytes, plays a
crucial role in enterohepatic circulation as a bile
acid transporter.’” In 2012, NTCP was identified
as the entry receptor for both HBV and HDV.’®
Bulevirtide — a synthetic lipopeptide derived
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from the pre-S1 domain of the large envelope
protein of HBsAg — inhibits the entry of HBV
and HDV into hepatocytes by binding to and
inactivating NTCP.®® In a phase 2 trial, bule-
virtide was shown to induce pronounced de-
clines in HDV RNA and ALT levels.?*** The re-
sults of that trial, combined with data from the
phase 1 study,?® provided a basis for conditional
approval in the European Union and full ap-
proval in Russia of bulevirtide, administered at a
dose of 2 mg per day, for treating chronic hepati-
tis D in adults with compensated liver disease.*
Bulevirtide has not been approved by the FDA.

In this ongoing phase 3 trial, which includes
144 weeks of treatment and 96 weeks of post-
treatment follow-up, we are assessing the effi-
cacy and safety of bulevirtide monotherapy in
patients with chronic hepatitis D. We now report
data on the prespecified primary end point: a com-
bined virologic and biochemical response, as
assessed by analysis of the HDV RNA and ALT
levels, respectively, at week 48.

METHODS

STUDY DESIGN

In this multicenter, open-label, randomized trial,
eligible patients were assigned in a 1:1:1 ratio,
with stratification according to the presence or
absence of cirrhosis, to receive immediate sub-
cutaneous treatment with bulevirtide at 2 mg per
day (one injection; 2-mg group) or 10 mg per day
(two injections; 10-mg group) for 144 weeks or
to receive no treatment for 48 weeks followed by
subcutaneous treatment with bulevirtide at 10 mg
per day for 96 weeks (control group). All the
patients entered a 96-week follow-up period at
the end of the treatment period.

TRIAL OVERSIGHT

Four of the authors contributed to the concep-
tion and design of the trial. All the authors
contributed to the collection and interpretation
of the data and to the drafting of the original
manuscript. Gilead Sciences, the trial sponsor,
conducted the data analysis and provided writ-
ing assistance. All the authors approved the fi-
nal version of the submitted manuscript and
vouch for the fidelity of the trial to the protocol
(available with the full text of this article at
NEJM.org), the accuracy and completeness of the
data, and the integrity of the analysis.
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The protocol was approved by the review
board or ethics committee at each trial site be-
fore the trial was initiated. The trial was con-
ducted in accordance with the International
Council for Harmonisation Good Clinical Prac-
tice guidelines and the principles of the Declara-
tion of Helsinki.

PATIENTS

Eligible patients were 18 to 65 years old; had
chronic hepatitis D, with anti-HDV antibody or
HDV RNA detected in serum by polymerase chain
reaction (PCR) at least 6 months before screen-
ing; had HDV RNA detected by PCR at screening;
and had an ALT level of more than 1 times but
less than 10 times the upper limit of the normal
range at screening. Key exclusion criteria were
decompensated cirrhosis, defined as class B or C
cirrhosis according to the Child-Turcotte-Pugh
classification (in which class A [score of 5 or 6]
indicates mildly impaired liver function, B [scores
of 7 to 9] moderately impaired liver function,
and C [scores of 10 to 15] severely impaired liver
function); receipt of interferon therapy within 6
months before screening; and a platelet count of
less than 60,000 cells per cubic millimeter. Full
inclusion and exclusion criteria are provided in
the protocol.

Patients receiving treatment with nucleoside
or nucleotide analogues (NAs) for chronic hepa-
titis B at screening were allowed to continue
their treatment as prescribed. NA treatment was
initiated in the remaining patients at the base-
line visit or during the trial if NA use was indi-
cated according to existing HBV treatment
guidelines.?*

ASSESSMENTS

Quantification of HDV RNA levels was per-
formed with the RoboGene HDV RNA quantifi-
cation Kit, version 2.0 (Roboscreen), which has a
lower limit of quantification of 50 IU per milli-
liter and a lower limit of detection of 6 IU per
milliliter. An undetectable HDV RNA level was
defined as a level below the lower limit of quan-
tification, with the HDV RNA target not detect-
ed. Normalization of the ALT level was defined
as an ALT level within the normal range as as-
sessed according to central laboratory criteria
(231 for women and <41 U per liter for men in
Russia, and £34 and <49 U per liter, respectively,
in all other locations). Additional cutoff values

for normalization of ALT levels as defined by the
European Association for the Study of the Liver
(EASL) and the American Association for the
Study of Liver Diseases (AASLD) were used in
sensitivity analyses.”>%

At baseline and week 48, liver stiffness was as-
sessed with use of transient elastography (Fibro-
Scan, Echosens). A baseline liver biopsy was
recommended and performed if the patient was
willing to undergo the procedure and no contra-
indications were present as assessed by the in-
vestigator. If a liver biopsy had been performed
within 1 year before screening and biopsy speci-
mens were available for assessment, the require-
ment for a baseline liver biopsy was waived. A
follow-up liver biopsy was performed at week 48
only in patients with an available baseline biopsy
result. Additional information on assessments is
provided in the Supplementary Methods section
in the Supplementary Appendix (available at
NEJM.org).

END POINTS

The primary end point was a combined response
at week 48 of an undetectable HDV RNA level or
a level that decreased by at least 2 log,  TU per
milliliter from baseline (virologic response), and
normalization of the ALT level (biochemical re-
sponse). The key secondary end point was an
undetectable HDV RNA level at week 48, in a
comparison between the 2-mg group and the
10-mg group.

STATISTICAL ANALYSIS

A hierarchical testing procedure was used with
two sequential comparisons — a comparison of
the 10-mg group with the control group and of
the 2-mg group with the control group — for the
analysis of the primary end point. If the null
hypotheses of both comparisons of the primary
end point were rejected, the hierarchical testing
procedure continued with a prespecified com-
parison of the key secondary end point between
the 2-mg and 10-mg groups. The overall signifi-
cance level was 0.05, which was split into a level
of 0.01 in the prespecified formal interim analy-
sis at week 24 and a level of 0.04 in the primary
analysis at week 48. On the basis of results from
the phase 2 MYR 202 trial,>> we expected that a
primary end-point response would occur in 45%
of patients in the 2-mg group, 45% in the 10-mg
group, and 8% in the control group. We calcu-
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lated that with a sample size of 47 patients per
treatment group and using Fisher’s exact test,
the trial would have 97.8% power to detect a dif-
ference between the 2-mg or 10-mg group and
the control group in the percentage of patients
with a combined response, at a two-sided signifi-
cance level of 0.04. The trial lacked the power to
detect a difference between the 2-mg and 10-mg
groups in the percentage of patients with a com-
bined response. Additional information is pro-
vided in the Supplementary Methods section in
the Supplementary Appendix.

RESULTS

PATIENTS

A total of 150 patients were enrolled: 49 were
assigned to receive 2 mg of bulevirtide, 50 to
receive 10 mg of bulevirtide, and 51 to receive
delayed treatment (Fig. S1 in the Supplementary
Appendix). Demographic and clinical character-
istics at baseline were generally balanced across
the trial groups (Table 1). Patients in the trial
were representative of the population with chron-
ic hepatitis D in the regions where this trial was
conducted (Table S1). The majority of the pa-
tients were men and were White; the mean age
was 42 years. Approximately half the patients
had cirrhosis. Nearly all the patients had HDV
genotype 1 infection, and 84% (126 patients)
had HBV genotype D infection. Interferon ther-
apy had previously been received by 56% of the
patients. A total of 55% of the patients were re-
ceiving NAs up to the start of the trial and con-
tinued NA therapy during the trial, and 8 pa-
tients (5%) started NA therapy at trial initiation;
thus, 60% in total received NAs during the trial
(Table 1 and Table S2). No patients stopped NA
therapy during the 48-week trial period.

RESPONSE TO TREATMENT

Combined Response

The primary combined end-point response oc-
curred in 22 of 49 patients (45%) in the 2-mg
group and 24 of 50 (48%) in the 10-mg group, as
compared with 1 of 51 (2%) in the control group
(Table 2). The percentage of patients with a com-
bined response was significantly greater in the
2-mg group than in the control group (differ-
ence, 43 percentage points; 96% confidence in-
terval [CI], 27 to 58) and in the 10-mg group
than in the control group (difference, 46 per-
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centage points; 96% CI, 30 to 61) (P<0.001 for
the comparison between each dose group and
the control group). Ad hoc univariate analysis of
the 2-mg and 10-mg groups showed that the
percentage of patients with a combined response
was generally consistent across all subgroups (Fig.
S2D and S2E). Additional information is provided
in the Supplementary Results section in the Sup-
plementary Appendix.

HDV RNA and HBsAg Responses

At week 48, the HDV RNA level was undetect-
able in none of the patients (0 of 51) in the
control group, 12% (6 of 49) in the 2-mg group,
and 20% (10 of 50) in the 10-mg group. The dif-
ference between the 10-mg group and the 2-mg
group was 8 percentage points (96% CI, —8 to 24;
P=0.41).

A virologic response (an undetectable HDV
RNA level or a level that decreased by >2 log, U
per milliliter from baseline) at week 48 occurred
in 4% of patients in the control group, 71% in
the 2-mg group, and 76% in the 10-mg group.
Figure S3 shows the percentage of patients with
a virologic response between baseline and week
48. The percentage of patients in whom the HDV
RNA level decreased by at least 2 log, IU per
milliliter from baseline at week 48 is shown in
Table S3. Figure 1A shows the decline in HDV
RNA levels over time; in 9 of 47 patients (19%)
in the 2-mg group and 2 of 46 (4%) in the 10-mg
group, the HDV RNA level did not decrease by at
least 1 log,, IU per milliliter from baseline at
week 48. Across treatment groups, no patients
had HBsAg loss. Additional information is pro-
vided in the Supplementary Results section in
the Supplementary Appendix.

ALT Response

Normalization of ALT levels at week 48 occurred
in 51% of patients in the 2-mg group, 56% in the
10-mg group, and 12% in the control group
(Table 2 and Fig. 1B). These percentages were
similar to the percentages obtained when nor-
malization of the ALT level was assessed accord-
ing to cutoff values defined by the EASL and the
AASLD (Fig. S4).

Liver Stiffness and Histologic Activity

At week 48, liver stiffness appeared to have been
reduced in the 2-mg and 10-mg groups as com-
pared with the control group; the level of im-
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Table 1. Demographic and Clinical Characteristics at Baseline.*
Bulevirtide, Bulevirtide,
Control 2mg 10 mg Overall

Characteristic (N=51) (N=49) (N=50) (N=150)
Age —yr 41+7.5 4419.0 41+8.5 42+8.4
Male sex — no. (%) 26 (51) 30 (61) 30 (60) 86 (57)
Body-mass index

Mean 25£3.9 24131 25+3.6 25+3.6

<30 — no. (%) 46 (90) 48 (98) 45 (90) 139 (93)
Race — no. (%)

White 40 (78) 41 (84) 43 (86) 124 (83)

Asian 11 (22) 8 (16) 6 (12) 25 (17)

Black 0 0 1(2) 1(<1)
Cirrhosis — no. (%)§ 24 (47) 23 (47) 24 (48) 71 (47)
Liver stiffness — kPa9 15+9.0 14+8.2 15+9.3 15+8.8
HDV RNA level —log 1U/ml 5.1£1.36 5.0+1.32| 5.1+1.40 5.0£1.34|
HDV genotype — no. (%)

1 51 (100) 49 (100) 48 (96) | 148 (99)

5 0 0 1Q2) 1(<1)
HBV genotype — no. (%)

A 4(8) 2 (4) 3 (6) 9 (6)

D 39 (76) 44 (90) 43 (86) 126 (84)

E 0 0 1(2) 1(<1)

Could not be determined 8 (16) 3 (6) 3 (6) 14 (9)
HBeAg not detected — no. (%) 47 (92) 45 (92) 43 (86) 135 (90)
HBsAg level —log, IU/ml 3.7+0.47 3.7+0.52 3.6+0.59 3.7+0.52
HBV DNA level —log, IU/ml 0.9+0.99 1.3£1.30| 1.1£1.26| 1.1£1.19%*
HIV infection — no. (%) 0 1(2) 1(2) 2 (1)
ALT level — U/liter 102+61.9 108+62.5 123+80.6 111+69.0
Vitamin D level — ng/ml 26£12.2 28+12.3 26+14.8 —
Concomitant NA therapy during trial —no. (%) 32 (63) 31 (63) 27 (54) 90 (60)
Previous interferon therapy — no. (%) 29 (57) 26 (53) 29 (58) 84 (56)

Plus—minus values are means +SD. ALT denotes alanine aminotransferase, HBeAg hepatitis B virus e antigen, HBsAg
hepatitis B virus surface antigen, HBV hepatitis B virus, HDV hepatitis D virus, NA nucleoside or nucleotide ana-
logue.

7 The body-mass index is the weight in kilograms divided by the square of the height in meters.

4 Race was determined by the investigators.

§ Al patients with cirrhosis had class A cirrhosis according to the Child-Turcotte—Pugh classification, in which class A
(score of 5 or 6) indicates mildly impaired liver function, B (scores of 7 to 9) moderately impaired liver function, and
C (scores of 10 to 15) severely impaired liver function.

9§ Liver stiffness was assessed by transient elastography (FibroScan, Echosens). Levels range from 2.5 to 75 kPa (nor-
mal range, 2.5 to 7 kPa), with higher levels indicating increasing severity of liver scarring.

| Data from 1 patient were missing.

*% Data from 2 patients were missing.

provement was similar in the 2-mg and 10-mg line in fibrosis stage and histologic activity in-
groups (Table S4). Results of liver biopsies at dex at week 48 are provided in Table S6. At week
baseline and week 48 were available for 55% of 48, the 2-mg and 10-mg groups had the highest
the patients (82 of 150). The changes from base- percentage of patients with an improved histo-
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Table 2. Responses at Week 48.*

Response

Combined response

Overall
No./total no. (%)
95% Cl — %
According to cirrhosis status — no./total no. (%)
Present
Absent

Undetectable HDV RNA level

Overall
No./total no. (%)
95% Cl — %
According to cirrhosis status — no./total no. (%)
Present
Absent

Overall

No./total no. (%)

According to cirrhosis status — no./total no. (%)
Present
Absent
Normalized ALT level
Overall

No./total no. (%)

According to cirrhosis status — no./total no. (%)
Present

Absent

Undetectable or =2 log,  IU/ml decrease in HDV RNA level

Difference from placebo (95% Cl) — percentage points —

Difference from placebo (95% Cl) — percentage points —

Bulevirtide, Bulevirtide,
Control 2mg 10 mg
1/51 (2) 22/49 (45)1  24/50 (48)7
0-10 31-60 34-63
— 8/23 (35) 12/24 (50)
— 14/26 (54) 12/26 (46)
0/51 (0) 6/49 (12)% 10/50 (20)
_ 5-25 10-34
— 5/23 (22) 6/24 (25)
— 1/26 (4) 4/26 (15)
2/51 (4) 35/49 (71) 38/50 (76)
68 (52-80) 72 (56-84)
2/24 (8) 18/23 (78) 19/24 (79)
0/27 (0) 17/26 (65) 19/26 (73)
6/51 (12) 25/49 (51) 28/50 (56)
39 (20-56) 44 (26-60)
4/24 (17) 9/23 (39) 12/24 (50)
2/27 (7) 16/26 (62) 16/26 (62)

* Cl denotes confidence interval.

7 P<0.001 for the difference from the control group (primary end-point comparison).
1 P=0.41 for the difference from the 10-mg group (prespecified key secondary end-point comparison).

logic activity index, whereas the control group had
the highest percentage of patients with a worsened
fibrosis stage.

Immunogenicity and Resistance

Over the treatment period, antibulevirtide anti-
body developed in 22% of patients (11 of 49) in
the 2-mg group and in 18% (9 of 50) in the 10-
mg group. However, the percentage of patients
with a virologic response did not appear to differ

N ENGL J MED 389;1

according to the presence or absence of antibu-
levirtide antibody (see the Supplementary Re-
sults section in the Supplementary Appendix).

Resistance analysis was performed in 11 pa-
tients who qualified for testing because of viro-
logic breakthrough or infection that did not re-
spond to treatment. No evidence that resistance
had developed was documented. Additional de-
tails are provided in the Supplementary Results
section in the Supplementary Appendix.
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—A— Control Bulevirtide, 2 mg  —#— Bulevirtide, 10 mg

A HDV RNA Level
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Figure 1. Hepatitis D Virus RNA and Normalization of ALT.

The primary end point of the trial was a combined response at week 48 of
an undetectable hepatitis D virus (HDV) RNA level, or a level that de-
creased by at least 2 log, U per milliliter from baseline, and normalization
of the alanine aminotransferase (ALT) level. Panel A shows the mean HDV
RNA level at baseline and follow-up visits, according to trial group. The
baseline level in the 2-mg and 10-mg groups was the last available level
measured before administration of the first dose of bulevirtide. The base-
line level in the control group was the last available level measured at or be-
fore randomization. Data were analyzed according to the group to which
the patients were randomly assigned (planned treatment group). Panel B
shows the percentage of patients with a normalized ALT level across the 48
weeks of the trial, according to trial group.

SAFETY

Headache, pruritus, fatigue, eosinophilia, injec-
tion-site reactions, upper abdominal pain, ar-
thralgia, and asthenia were more common in the
2-mg and 10-mg groups combined than in the
control group; all these events were mild to mod-
erate in severity and did not lead to drug discon-
tinuation (Table 3). Pruritus occurred in 14% of
patients in the 2-mg and 10-mg groups combined

28 N ENGL J MED 389;1

as compared with no patients in the control
group. Injection-site reactions occurred in 8 pa-
tients (16%) in the 2-mg group and 15 patients
(30%) in the 10-mg group.

Serious adverse events occurred in all trial
groups, but none in the 2-mg and 10-mg groups
were considered to be related to bulevirtide.
Grade 3 adverse events considered to be related
to bulevirtide occurred in one patient in the
2-mg group (decreased neutrophil count) and in
three patients in the 10-mg group (one event each
of thrombocytopenia, neutropenia, and leukope-
nia). There were no grade 4 adverse events.

At baseline, the median total bile acid level
was slightly greater than the upper limit of the
normal range and was similar in the three
groups. A dose-dependent increase in the total
bile acid level was noted in the 2-mg and 10-mg
groups (Fig. S5 and Supplementary Results sec-
tion in the Supplementary Appendix). Increased
total bile acid levels did not lead to drug discon-
tinuation in any patient.

DISCUSSION

In this ongoing trial involving patients with
chronic hepatitis D who received bulevirtide (2 mg
or 10 mg) or no treatment for the first 48 weeks,
a significantly greater percentage of patients in
bulevirtide groups than in the control group had
a virologic and biochemical response (primary
combined end-point response), as assessed by
analysis of the HDV RNA and ALT levels, respec-
tively, at week 48. This surrogate end point is
considered to be a reasonably likely predictor of
improved clinical outcomes in patients with
hepatitis D?; however, longer-term data are
needed to confirm the clinical benefit of bule-
virtide.

The percentage of patients with a combined
response at week 48 was generally similar in the
2-mg and 10-mg groups. Moreover, similar
changes in liver stiffness from baseline to week
48 were seen in the 2-mg and 10-mg groups
overall, and the percentage of patients with an
improvement in the histologic activity index
from baseline to week 48 was similar with the
two doses in the subgroup of patients with liver
biopsy results available at both time points.
These results suggest that a bulevirtide dose of
2 mg may be sufficient to block the entry of HBV
and HDV into hepatocytes.
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Table 3. Adverse Events during the Treatment Period and Laboratory Abnormalities.*

Bulevirtide, Bulevirtide,
Control 2mg 10 mg
Event (N=51) (N=49) (N=50)

no. of patients (%)

Adverse events that occurred during the treatment period

Any adverse event

Overall 39 (77) 40 (82) 44 (88)

Grade 3 or4 3 (6) 5 (10) 4(3)
Treatment-related adverse event

Overall 0 24 (49) 36 (72)

Grade 3 or 4 0 1(2) 3 (6)
Serious adverse event

Overall 1(2) 2 (4) 1(2)

Treatment-related
Adverse event leading to treatment discontinuation

Non-injection-site eventy

Vitamin D deficiency 8 (16) 6 (12) 8 (16)
Leukopenia 9 (18) 6 (12) 5 (10)
Headache 0 9 (18) 10 (20)
Thrombocytopenia 8 (16) 5 (10) 5 (10)
Pruritus 0 6 (12) 8 (16)
Fatigue 1(2) 5 (10) 7 (14)
Eosinophilia 0 5 (10) 5 (10)
Neutropenia 3(6) 2(4) 5 (10)
Nausea 2 (4) 3 (6) 4 (8)
Abdominal pain upper 1(2) 0 6 (12)
Arthralgia 0 3 (6) 4(8)
Asthenia 0 2 (4) 3 (6)
Increased total bile acid level 0 1(2) 3 (6)
Injection-site eventy
Reaction 0 3 (6) 4 (8)
Erythema 0 2 (4) 4 (8)
Pruritus 0 1(2) 3 (6)
Swelling 0 1(2) 3 (6)
Grade 3 or 4 laboratory abnormality occurring in =1
patient in any treatment group
Platelet count
25,000 to <50,000/mm?*} 2 (4) 1(2) 2 (4)
<25,000/mm?®§ 0 1(2) 2 (4)
Neutrophil count of 500 to <1000/mm?>i: 2 (4) 0 2 (4)

* A full list of adverse events that occurred during the treatment period and laboratory abnormalities is shown in Table
S7.

T The Medical Dictionary for Regulatory Activities, version 24.0, was used to code these adverse events. Adverse events
during the treatment period that occurred in a larger percentage of patients in the 2-mg or 10-mg groups or that oc-
curred in 10% or more of patients overall are highlighted here.

I The abnormality was assessed as grade 3 in severity.

§ The abnormality was assessed as grade 4 in severity.

N ENGL) MED 389;1 NEJM.ORG JULY 6, 2023 29

The New England Journal of Medicine
Downloaded from negim.org at UNIVERSITA DEGLI STUDI DI MILANO on October 23, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



30

Downloaded from negim.org at UNIVERSITA DEGLI STUDI DI MILANO on October 23, 2023. For personal use only. No other uses without permission.

The NEW ENGLAND JOURNAL of MEDICINE

Among patients with a combined response,
normalization of the ALT level occurred in most
patients by week 24, whereas the HDV RNA level
continued to decline between week 24 and week
48. The detailed mechanisms associated with this
difference in response Kinetics remain to be in-
vestigated, including the potential effects of bile
acids on immune responses and intrahepatic in-
flammation. Minimal changes in HBsAg levels
between baseline and week 48 were observed
with bulevirtide treatment, and no patients had
HBsAg loss. Because most HBsAg production in
HBV antigen—negative patients — the predomi-
nant HBV-HDV-coinfected population in this
trial — is derived from integrated HBV genomes
as opposed to covalently closed circular DNA,
we were not surprised to observe a decrease in
the HDV RNA level without a corresponding
decrease in the HBsAg level or HBsAg loss.?® The
kinetics of the HDV and HBV responses during
treatment require further study, particularly
with regard to cell-to-cell transmission and he-
patocyte turnover.

Headache, fatigue, eosinophilia, injection-site
reactions, pruritus, upper abdominal pain, ar-
thralgia, and asthenia occurred in a greater
percentage of patients in the 2-mg and 10-mg
groups combined than in the control group. All
these adverse events were mild to moderate in
severity and did not lead to drug discontinuation.

Dose-dependent increases in bile acid levels
occurred with bulevirtide treatment.” Bile acid
levels were above the normal range in all groups
at baseline, a finding that may be explained by
the inhibition of NTCP by HBsAg.?*3! Pruritus
associated with bulevirtide occurred in approxi-
mately 14% of patients in the 2-mg and 10-mg
groups; however, all cases were mild or moder-
ate in severity, and none led to drug discontinu-
ation. We did not observe evidence of cholestatic
liver injury, as assessed by detection of an elevat-
ed alkaline phosphatase level, or of hepatic dys-
function due to elevated bile acid levels with
bulevirtide. It should be noted that extremely
elevated plasma bile acid levels induced by a
genetic deficiency of NTCP have not been associ-
ated with clinical signs of hepatic dysfunc-
tion.*

The current trial is ongoing to address the
efficacy, safety, and side-effect profile of long-
term (up to 3 years or 144 weeks) bulevirtide

N ENGL J MED 389;1

therapy. A phase 2 trial is evaluating the efficacy
of bulevirtide administered with pegylated inter-
feron alfa, as compared with bulevirtide alone
and pegylated interferon alfa alone, as a poten-
tial finite curative treatment strategy in patients
with chronic hepatitis D (ClinicalTrials.gov
number, NCT03852433). That trial is also explor-
ing the potential synergistic effect of interferon,
which prevents cell division—-mediated spread of
HDV, with bulevirtide.?

Our trial has limitations. First, because daily
injection of placebo is considered to be unethi-
cal, trial-group assignment was not blinded;
however, because the assessments of efficacy
end points were performed on the basis of objec-
tive laboratory measurements, the integrity of
the trial data could be maintained. Second, no
patients had Child-Turcotte—Pugh class B or C
cirrhosis, although 47% of the patients had
Child-Turcotte—Pugh class A cirrhosis, and 17%
had a baseline platelet count of 100,000 or less
per mm?. Third, not all HDV and HBV genotypes
were represented. However, in vitro data suggest
that bulevirtide has activity against every HDV
and HBV genotype.’* The predominant HDV
genotype in this trial — genotype 1 — is the
most common HDV genotype globally,' and HBV
genotype D, which was seen in the majority of
patients, is common in Europe,® North America,
Russia, and Central Asia.*® Fourth, most patients
in this trial were White, and data on patients of
other races were limited or absent. Fifth, this
analysis evaluated data at week 48, when pa-
tients in two of the groups were receiving treat-
ment, and thus we could not assess end points
during the follow-up period after the end of
therapy. However, the current trial is designed to
assess both longer-term efficacy (through week
144) and a secondary end point of a sustained
virologic response at week 168 (24 weeks after
the end of therapy). Finally, the diagnosis of cir-
rhosis was made at the investigator’s discretion
at the time of screening with the aid of transient
elastography findings and clinical data in all
patients but without the availability of liver bi-
opsy results in some patients.

In this phase 3 trial involving patients with
chronic hepatitis D, a combined response at
week 48 occurred in a significantly greater per-
centage of patients in the bulevirtide groups
than in the control group.

NEJM.ORG JULY 6, 2023

The New England Journal of Medicine

Copyright © 2023 Massachusetts Medical Society. All rights reserved.



PHASE 3 TRIAL OF BULEVIRTIDE IN CHRONIC HEPATITIS D

Supported by Gilead Sciences.

Disclosure forms provided by the authors are available with

the full text of this article at NEJM.org.

We thank the patients, their families, and the trial-site per-

sonnel; Jennifer King, Ph.D., for assistance with the writing of

the manuscript; and Alexander Alexandrov, for contributing to

A data sharing statement provided by the authors is available the design of the trial.
with the full text of this article at NEJM.org.

APPENDIX

The authors’ full names and academic degrees are as follows: Heiner Wedemeyer, M.D., Soo Aleman, M.D., Ph.D., Maurizia Rossana
Brunetto, M.D., Antje Blank, M.D., Pietro Andreone, M.D., Pavel Bogomolov, M.D., Ph.D., Vladimir Chulanov, M.D., Ph.D., Nina Ma-
monova, M.D., Natalia Geyvandova, Ph.D., Viacheslav Morozov, Ph.D., Olga Sagalova, M.D., Ph.D., Tatyana Stepanova, M.D., Annema-
rie Berger, Ph.D., Dmitry Manuilov, M.D., Vithika Suri, M.Sc., Qi An, Ph.D., Ben Da, M.D., John Flaherty, Pharm.D., Anu Osinusi, M.D.,
Yang Liu, Ph.D., Uta Merle, M.D., Julian Schulze zur Wiesch, M.D., Stefan Zeuzem, M.D., Sandra Ciesek, M.D., Markus Cornberg,
M.D., and Pietro Lampertico, M.D., Ph.D.

The authors’ affiliations are as follows: Medizinische Hochschule Hannover, Excellence Cluster RESIST, and D-SOLVE Consortium
(H.W., M.C.), Hannover, German Center for Infection Research (DZIF) Partner Site Hannover-Braunschweig, Braunschweig (H.W.,
M.C.), Clinical Pharmacology and Pharmacoepidemiology and DZIF Partner Site Heidelberg (A. Blank) and the Department of Internal
Medicine IV (U.M.), Heidelberg University Hospital, Heidelberg, the Institute of Medical Virology (A. Berger, S.C.), the Department of
Internal Medicine, University Hospital Frankfurt (S.Z.), DZIF (S.C.), and Fraunhofer Institute for Translational Medicine and Pharmacol-
ogy ITMP (S.C.), Frankfurt, and Universititsklinikum Hamburg-Eppendorf, Medizinische Klinik, and DZIF, Hamburg-Liibeck-Borstel-
Riems, Hamburg (J.S.W.) — all in Germany; the Department of Infectious Diseases, Karolinska University Hospital, Karolinska Insti-
tutet, Stockholm (S.A.); the Department of Clinical and Experimental Medicine, University of Pisa, and the Hepatology Unit, Pisa Uni-
versity Hospital, Pisa (M.R.B.), the Division of Internal Medicine, University of Modena and Reggio Emilia, Modena (P.A.), and the
Division of Gastroenterology and Hepatology, Foundation IRCCS Ca’ Granda Ospedale Maggiore Policlinico, CRC “A. M. and A. Mi-
gliavacca” Center for Liver Disease, and the Department of Pathophysiology and Transplantation, University of Milan, Milan (P.L.) — all
in Italy; M.F. Vladimirsky Moscow Regional Research and Clinical Institute (P.B.), National Medical Research Center of Tuberculosis
and Infectious Diseases, Ministry of Health (V.C.), Sechenov University (V.C.), and the Clinic of Modern Medicine (T.S.), Moscow, the
National Medical Research Center of Physiopulmonology and Infectious Diseases, Yekaterinburg (N.M.), Stavropol Regional Clinical
Hospital, Stavropol (N.G.), Hepatolog, Samara (V.M.), and Southern Ural State Medical University, Chelyabinsk (O.S.) — all in Russia;

and Gilead Sciences, Foster City, CA (D.M.,

V.S, QA., B.D, J.F.,, A.O,, Y.L).

REFERENCES

1. Stockdale AJ, Kreuels B, Henrion
MYR, et al. The global prevalence of hepa-
titis D virus infection: systematic review
and meta-analysis. ] Hepatol 2020;73:523-
32.

2. Hughes SA, Wedemeyer H, Harrison
PM. Hepatitis delta virus. Lancet 2011;
378:73-85.

3. Wedemeyer H, Manns MP. Epidemiol-
ogy, pathogenesis and management of
hepatitis D: update and challenges ahead.
Nat Rev Gastroenterol Hepatol 2010;7:31-
40.

4. Rizzetto M, Hamid S, Negro F. The
changing context of hepatitis D. ] Hepatol
2021;74:1200-11.

5. Fattovich G, Giustina G, Christensen
E, et al. Influence of hepatitis delta virus
infection on morbidity and mortality in
compensated cirrhosis type B: the Euro-
pean Concerted Action on Viral Hepatitis
(Eurohep). Gut 2000;46:420-6.

6. Romeo R, Del Ninno E, Rumi M, et al.
A 28-year study of the course of hepatitis
delta infection: a risk factor for cirrhosis
and hepatocellular carcinoma. Gastroen-
terology 2009;136:1629-38.

7. Kamal H, Westman G, Falconer K, et
al. Long-term study of hepatitis delta vi-
rus infection at secondary care centers:
the impact of viremia on liver-related out-
comes. Hepatology 2020;72:1177-90.

8. Alfaiate D, Clément S, Gomes D,
Goossens N, Negro F. Chronic hepatitis D
and hepatocellular carcinoma: a system-

atic review and meta-analysis of observa-
tional studies. J Hepatol 2020;73:533-9.

9. Wedemeyer H, Yurdaydin C, Dalekos
GN, et al. Peginterferon plus adefovir ver-
sus either drug alone for hepatitis delta.
N Engl J Med 2011;364:322-31.

10. Sandmann L, Wedemeyer H. New
treatments for chronic hepatitis B virus/
hepatitis D virus infection. Clin Liver Dis
2021;25:831-9.

11. Wedemeyer H, Yurdaydin C, Hardtke
S, et al. Peginterferon alfa-2a plus tenofo-
vir disoproxil fumarate for hepatitis D
(HIDIT-II): a randomised, placebo con-
trolled, phase 2 trial. Lancet Infect Dis
2019;19:275-86.

12. Sandmann L, Wedemeyer H. Interfer-
on-based treatment of chronic hepatitis
D. Liver Int 2022 August 24 (Epub ahead
of print).

13. Heidrich B, Yurdaydin C, Kabagam G,
et al. Late HDV RNA relapse after pegin-
terferon alpha-based therapy of chronic
hepatitis delta. Hepatology 2014;60:87-97.
14. Wranke A, Hardtke S, Heidrich B, et
al. Ten-year follow-up of a randomized
controlled clinical trial in chronic hepati-
tis delta. J Viral Hepat 2020;27:1359-68.
15. Lempp F, Schlund F, Rieble L, Nuss-
baum L, Link C, Ni Y. Prenylation inhibi-
tion of the large hepatitis delta virus anti-
gen leads to intracellular accumulation of
viral RNA and enhanced innate immune
responses. Hepatology 2018;68:151A-152A.
16. Yurdaydin C, Abbas Z, Buti M, et al.

Treating chronic hepatitis delta: the need
for surrogate markers of treatment effi-
cacy. J Hepatol 2019;70:1008-15.

17. NiY, Lempp FA, Mehtle S, et al. Hepa-
titis B and D viruses exploit sodium tau-
rocholate co-transporting polypeptide for
species-specific entry into hepatocytes.
Gastroenterology 2014;146:1070-83.

18. Yan H, Zhong G, Xu G, et al. Sodium
taurocholate cotransporting polypeptide
is a functional receptor for human hepati-
tis B and D virus. Elife 2012;1:e00049.
19. Petersen J, Dandri M, Mier W, et al.
Prevention of hepatitis B virus infection
in vivo by entry inhibitors derived from
the large envelope protein. Nat Biotechnol
2008;26:335-41.

20. Litgehetmann M, Mancke LV, Volz T,
et al. Humanized chimeric uPA mouse
model for the study of hepatitis B and D
virus interactions and preclinical drug
evaluation. Hepatology 2012;55:685-94.
21. Bogomolov P, Alexandrov A, Vo-
ronkova N, et al. Treatment of chronic
hepatitis D with the entry inhibitor myr-
cludex B: first results of a phase Ib/Ila
study. J Hepatol 2016;65:490-8.

22. Wedemeyer H, Schoneweis K, Bogo-
molov P, et al. Safety and efficacy of bule-
virtide in combination with tenofovir diso-
proxil fumarate in patients with hepatitis
B virus and hepatitis D virus coinfection
(MYR202): a multicentre, randomised,
parallel-group, open-label, phase 2 trial.
Lancet Infect Dis 2023;23:117-29.

N ENGL) MED 389;1 NEJM.ORG JULY 6, 2023 31

The New England Journal of Medicine
Downloaded from negim.org at UNIVERSITA DEGLI STUDI DI MILANO on October 23, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



PHASE 3 TRIAL OF BULEVIRTIDE IN CHRONIC HEPATITIS D

23. Blank A, Markert C, Hohmann N, et
al. First-in-human application of the novel
hepatitis B and hepatitis D virus entry in-
hibitor myrcludex B. J Hepatol 2016;65:
483-9.

24, European Medicines Agency. Hepclu-
dex. August 2020 (https://[www.ema
.europa.eu/en/medicines/human/EPAR/
hepcludex).

25. Aberg F, Helenius-Hietala J, Puukka P,
Jula A. Binge drinking and the risk of liver
events: a population-based cohort study.
Liver Int 2017;37:1373-81.

26. Terrault NA, Bzowej NH, Chang KM,
et al. AASLD guidelines for treatment of
chronic hepatitis B. Hepatology 2016;63:
261-83.

27. Food and Drug Administration.
Chronic hepatitis D virus infection: devel-
oping drugs for treatment: guidance for
industry. November 2019 (https://www
.fda.gov/regulatory-information/search
-fda-guidance-documents/chronic
-hepatitis-d-virus-infection-developing
-drugs-treatment-guidance-industry).

28. Hsu YC, Suri V, Nguyen MH, et al. In-
hibition of viral replication reduces tran-
scriptionally active distinct hepatitis B vi-
rus integrations with implications on
host gene dysregulation. Gastroenterolo-
gy 2022;162(4):1160-1170.e1.

29. Blank A, Eidam A, Haag M, et al. The
NTCP-inhibitor myrcludex B: effects on
bile acid disposition and tenofovir phar-
macokinetics. Clin Pharmacol Ther 2018;
103:341-8.

30. Sun Z, Huang C, Shi Y, et al. Distinct
bile acid profiles in patients with chronic
hepatitis B virus infection reveal meta-
bolic interplay between host, virus and
gut microbiome. Front Med (Lausanne)
2021;8:708495.

31. Oehler N, Volz T, Bhadra OD, et al.
Binding of hepatitis B virus to its cellular
receptor alters the expression profile of
genes of bile acid metabolism. Hepatolo-
gy 2014;60:1483-93.

32. Vaz FM, Paulusma CC, Huidekoper H,
etal. Sodium taurocholate cotransporting
polypeptide (SLC10A1) deficiency: conju-

gated hypercholanemia without a clear
clinical phenotype. Hepatology 2015;61:
260-7.

33. Zhang Z, Ni Y, Lempp FA, et al. Hepa-
titis D virus-induced interferon response
and administered interferons control cell
division-mediated virus spread. ] Hepatol
2022;77:957-66.

34. Wang W, Lempp FA, Schlund F, et al.
Assembly and infection efficacy of hepati-
tis B virus surface protein exchanges in 8
hepatitis D virus genotype isolates. J] Hep-
atol 2021;75:311-23.

35. Liaw YF, Brunetto MR, Hadziyannis S.
The natural history of chronic HBV infec-
tion and geographical differences. Antivir
Ther 2010;15:Suppl 3:25-33.

36. Croagh CM, Desmond PV, Bell S§J.
Genotypes and viral variants in chronic
hepatitis B: a review of epidemiology and
clinical relevance. World J Hepatol 2015;7:
289-303.

Copyright © 2023 Massachusetts Medical Society.

32 N ENGLJ MED 389;1 NEJM.ORG JULY 6, 2023

The New England Journal of Medicine
Downloaded from negim.org at UNIVERSITA DEGLI STUDI DI MILANO on October 23, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



