90593 Auto Edited.docx



Management of autoimmune hepatitis induced by hepatitis delta virus

Gigi E et al. Management of AIH induced by HDV

Eleni Gigi, Vasileios Lagopoulos, Aris Liakos

Abstract

Approximately 12-72 million people worldwide are co-infected with hepatitis B virus
(HBV) and hepatitis delta virus (HDV). This concurrent infection can lead to several
severe outcomes with hepatic disease, such as cirrhosis, fulminant hepatitis, and
hepatocellular carcinoma, being the most common. Over the past few decades, a
correlation between viral hepatitis and autoimmune diseases has been reported.
Furthermore, autoantibodies have been detected in the serum of patients co-infected
with HBV/HDYV, and autoimmune features have been reported. However, to date, very
few cases of clinically significant autoimmune hepatitis (AIH) have been reported in
patients with HDV infection, mainly in those who have received treatment with
pegylated interferon. Interestingly, there are some patients with HBV infection and AIH
in whom HDV infection is unearthed after receiving treatment with
immunosuppressants. Consequently, several questions remain unanswered with the
challenge to distinguish whether it is autoimmune or “autoimmune-like” hepatitis
being the most crucial. Second, it remains uncertain whether autoimmunity is induced
by HBV or delta virus. Finally, we investigated whether the cause of AIH lies in the
previous treatment of HDV with pegylated interferon. These pressing issues should be
elucidated to clarify whether new antiviral treatments for HDV, such as Bulevirtide or

immunosuppressive drugs, are more appropriate for the management of patients with

HDV and AIH.
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Core Tip: There are some pressing issues that should be elucidated in order to clarify
whether new antiviral treatments for hepatitis delta virus (HDV), such as Bulevirtide, or
immunosuppressive drugs, are more appropriate for the management of patients with
HDV and autoimmune hepatitis (AIH). Firstly, several questions remain unanswered
with the challenge to distinguish whether it is autoimmune or “autoimmune-like”
hepatitis being the most crucial. Secondly, it yet remains uncertain whether
autoimmunity is induced by the hepatitis B virus or the Delta virus. Finally, if the cause

of AIH lies on the previous treatment of HDV with pegylated interferon.

INTRODUCTION

Hepatitis delta virus (HDV) was first recognized back in late 1970s as new antigen in
the serum of hepatitis B surface antigen (HBsAg) positive patients, termed 6, whilst
subsequent clinical trials in chimpanzees proved its existace in 19801, HDV, the
smallest pathogenic virus in human virology, consists of a circular single-stranded
negative RNA genome and two types of hepatitis delta antigens, small and large (L-
HDAg and S-HDAg, respectively), enveloped by HBsAg. Eight HDV genotypes with
various geographical distributions were identified. With HBsAg on its surface, HDV
enters hepatocytes via sodium taurocholate co-transporting polypeptide (NTCP).
Genomic HDVRNA then moves to the nucleus, where it replicates via a rolling-circle
mechanism. During replication, two species of HDAg (L-HDAg and S-HDAg) are
formed: S-HDAg triggers further replication of the virus, while L-HDAg inhibits
replication and promotes virion packaging through farnesylationl2l. Many clinical
studies have shown that HDV infection most often causes progressive liver disease
more rapidly than other viral hepatitis, leading to liver cirrhosis in 70% of cases within 5
to 10 yearsl3. Furthermore, HDV is independently associated with an increased risk of

hepatocellular carcinoma (HCC) than hepatitis B virus (HBV) monoinfection!*! and has
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been associated with the development of autoimmune hepatitis (AIH), as in the serum
of HBV/HDV co-infected patients, positive autoantibodies have been detected, and

autoimmune features have been reported[E'I.

AIH

AIH is an immune-mediated inflammatory disease of the liver, characterized by
circulating autoantibodies, increased concentrations of immunoglobulin G (IgG), and
specific histological featuresl®l. The origin of the disease is presumed to be a loss of
immunologic tolerance against hepatocytes induced by environmental factors, but also
triggered by specific viral infections (Hepatitis B, C, E, A, and Epstein-Barr), genetic
factors, exposure to certain drugs (e.g., nitrofurantoin, minocycline), and some
individual risk factors (e.g., sex, age, hormonal status, and comorbidities)l”l. The clinical
presentation can be extremely heterogeneous, ranging from asymptomatic disease to
fulminant hepatitis, leading to acute liver failure, with the acute onset of AIH being the
most frequent pattern worldwidel’l. AIH can be clagsified into two types according to
the pattern of autoantibodies detected. AIH type 1 is characterized by the presence of
antinuclear antibodies (ANA) and/or smooth muscle autoantibodies (SMA) and
sometimes perinuclear anti-neutrophil cytoplasmic antibodies (p-ANCA). AIH type 2 is
characterized by the presence of antibodies against kidney microsome-1 (anti-LKM1),

anti-LKM 3, and/or liver cytosolic type 1I8l.

Diagnosis of AIH

AlIH is diagnosed based on clinical, serological, and histological data. Clinical data may
include nonspecific symptoms such as fatigue, arthralgia, malaise, amenorrhea, or
symptoms and signs of hepatic cirrhosis. Laboratory findings included high
concentrations of aminotransferases, detection of the specific autoantibodies mentioned
above, and hypgrgammaglobulinemia (IgG). The histological features of AIH are not
typical, as they are similar to those observed in active chronic hepatitis, mainly portal

lymphoplasmacytic inflammation with interfacial activity and variable degrees of
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lobular hepatitis, emperipolesis, and hepatocyte rosettes”8l. Although imaging studies
have a limited role in the diagnosis of AIH, they are useful for the assessment of liver
complications, progression to cirrhosis, and screening for HCC. Currently, imaging is
used worldwide to evaluate liver disease progression in patients with AIH. Ultrasound
elastography is the most useful noninvasive tool for monitoring patients treated for

ATHPL,

Treatment of AIH

Once AIH is diagnosed, treatment is initiated. In most cases, untreated AIH may lead to
liver failure and death within five years of onset, whereas properly treated patients
have an excellent prognosis. The aim of treatment for AIH is to achieve and maintain
disease remission and symptom resolution, thus halting or even reversing liver damage
and fibrosis. However, treatment may cause serious side effects and significant
impairment of quality of life. Therefore, an individualized approach is required, taking
into consideration not only disease-related factors (inflammatory activity and stage of
fibrosis), but also patient characteristics and values (such as life expectancy,
comorbidities, living conditions, and patients’” personal preferences).

Steroids remain the cornerstone of AIH remission, which is defined as a full
biochemical response (normalization of both transaminases and IgG concentrations).
The recommended initial dosage varies depending mostly on the profile of the patient
and/or the stage of AIH. Starting with a dose of 0.5 mg/kg/d seems to have
comparable efficacy to the widely accepted initial dose of 1 mg/kg/d, with a slightly
slower response rate but fewer side effects; thus, doses higher than 0.5 mg/kg/d of
prednisolone should be reserved only for severe acute disease. The response to steroid
therapy is usually rapid, as transaminase concentrations start falling within a week,
while IgG levels subside more slowly due to their prolonged half-life. Steroid tapering
should be started as soon as signs of a biochemical response are observed, usually in

steps of 5 mg every week, down to 10 mg of prednisolone per day, until a complete
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biochemical response is achieved. Budesonide can be used as an alternative to
prednisolone, showing a slightly slower response and fewer side effectsl1011].

Although steroids are regarded as first-line treatment, azathioprine is used for
maintenance as a corticosteroid-sparing regimen. Azathioprine can induce sustained
remission while reducing the side effects of steroid therapy. Therefore, azathioprine
should be administered as early as possible following the initial response, usually 7 d to
14 d after steroid treatment. Azathioprine should also be started at a low dose to avoid
intolerance; the recommended dose is 50 mg/d, with careful monitoring of side effects,
including full blood counts taken every 1 wk to 2 wk. If no side effect is observed, the
dose of azathioprine should then be increased to 1-2 mg/kg/d. Once a complete
biochemical response is achieved, immunosuppressive therapy should be titrated to the
level required to retain the full response, with steroids preferably tapered out
completely. In case of relapse during tapering, steroids should be reintroduced at
slightly higher dosel12131. For patients who cannot tolerate azathioprine, mycophenolate
mofetil (MMF) can be used as an alternative agent at the usual dose of 2 g/d["l. Finally,
if the response to MMF is inadequate, multiple salvage therapies have been described,
including cyclosporine, tacrolimus, and other immunomodulatory agents
(methotrexate, cyclophosphamide, rituximab, and infliximab). Nevertheless, none of the
aforementioned agents have been assessed in controlled clinical trials. Therefore,
evidence for third-line treatment options remains scarce, and these patients should be
preferably managed in large-volume centers with sufficient expertise in AIHIL

The treatment duration of for AIH is controversial. Considering that AIH is an
idiopathic disease that develops in a background of genetic susceptibility, most patients
require long-term, most likely lifelong, therapy. Only 10%-20% of patients with AIH can
safely discontinue immunosuppressive therapy and maintain remission. Withdrawal of
immunosuppressive agents can be attempted when a complete biochemical response
has been achieved for more than two years on monotherapy, with alanine transaminase
concentrations in the lower range of normal values and IgG concentrations below 12

g/L. As there is a high chance of relapse, patients with complete treatment withdrawal
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should be closely monitored, especially in the first six months. Late relapses can also
occur decades after sustained remission, highlighting the need for lifelong surveillance
in virtually all patients'3l.

However, there are certain patients for whom immunosuppressive treatment is
contraindicated, including cases of AIH with an acute onset and rapid progression to
fulminant liver disease or patients who already have end-stage liver disease at the time

of diagnosis. In both cases, liver transplantation was the only treatment option[7l.

AIH INDUCED BY HDV

The association of HDV with positive autoantibodies and autoimmune features has
been suspected for years, although it was initially suggested that hepatitis delta is
directly cytopathic and that liver injury is not immunologically mediated['5]. It remains
debatable whether the autoimmune features derive from previous treatment with
pegylated interferon or whether HDV induces autoimmunity through molecular
mimicry and bystander activation. Considerable research has been conducted on the
role of HBV in inducing autoimmunityl1el. Most antibodies used for viral hepatitis are
non-disease-specific or non-organ-specific (NOSA). These antibodies include ANA,
anti-SMA, anti-LKM1, anti-mitochondrial antibodies, and anti-soluble liver
antigen/liver-pancreas antibodies. Inﬁ recent study, Hermanussen et all'®l identified
and analyzed three different cohorts: 46 patients with AIH, 42 patients with HDV, and
70 patients with HBV. They found that positive NOSA titers were more frequent in AIH
than in HDV (96% vs 69%) but more frequent in HDV than in HBV (69% vs 43%). With
respect to individual antibodies, ANA titers were more frequent in patients with AIH
than in those with HDV (89% vs 76%). In addition, higher titers > 1:320 were noted in
63% of patients with AIH compared with 28% in the HDV cohort. Compared to patients
with HBV, ANA titers were more commonly elevated in patients with HDV co-infection
(HDV 67% vs HBV 43%). No difference was noted in ANA titers between patients with
and without detectable HDV-RNA. The same trend was observed for SMA titers, which

were more frequently encountered in AIH patients than in HDV and HBV patients
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(AIH 50% vs HDV 16% vs HBV 3%). Patients with detectable HDV-RNA RN Atested
positive more frequently, and the titers were higher than those in patients with
undetectable HDVRNA. Finally, IgG levels increased in 73%, 54% of patients with HDV
and 12% of patients with AIH, HDV, and HBVI'¢l In addition to this study, previous
reports have shown a positive correlation between pegylated interferon treatment in
HBV patients and the induction of AIH in approximately 25%-40%17]. Furthermore,
isolated cases of patients with hepatitis delta have shown that AIH is also observed
after treatment with pegylated interferonl!8l. In contrast, a case of HDV-RNA flare has
been reported in a previously negative patient who received immunosuppressive

treatment for ATHII,

TREATMENT OF CHRONIC HEPATITIS DELTA

Until recently, the management of chronic hepatitis delta (CHD) was encompassed
within the HBV guidelines, as CHD was recognized as an HBV-dependent rare disease.
It has even been designated an orphan disease because it affects only a small fraction of
hepatitis B surface antigen (HBsAg)-positive patients. Advancements in the knowledge
of HDV pathogenesis and the HDV life cycle have led to the identification of new
therapeutic targets. For the first time since the discovery of HDV in the 70’s, HDV-
specific antiviral agents have undergone Phase III clinical trials. Bulevirtide was the first
HDV-specific antiviral agent to receive marketing authorization from the EMA in July
2020. Owing to the complexity of CHD clinical management on the one hand and Ee
newly available knowledge and therapeutic perspectives, the European Association for
the Study of the Liver (EASL) commissioned the first international clinical practice
guideline (CPG)I"” on the management of HDV-infected patients, which was first

announced during the EASL meeting in June 2023.

Pegylated Interferon a
According to the EASL CPG2023, pegylated interferon (PegIlFNa) remains a therapeutic

option and is recommended for all patients with CHD and compensated liver disease,
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irrespective of the presence of cirrhosis, for 48 wk (LoE 2, strong recommendation,
consensus)[’l. PeglFNa is associated with a decline in both HBV and HDV markers, and
recent studies have shown that it significantly reduces HDV-RNA when administered
in the early stages of infectionl?’], suggesting an inhibitory effect on viral entry and
suppression of cell division-mediated HDV spread(?!l. In contrast, a recent meta-
analysis of 13 studies reported a virological response at 24 wk post-treatment in only
29% of patients receiving PeglFNa, and that 50% of these patients developed virological

relapse later, up to 10 years after the end of treatmentl2223,

levirtide
Bulevirtide is a synthetic myristoylated lipopeptide consisting of 47 amino acids in the
preS1 domain of the HBV large surface protein that blocks the attachment of HBsAg to
the cell entry receptor, NTCPI24. It has recently been recommended for all patients with
CHD and compensated liver disease (LoE 3, strong recommendation and consensus).
The optimal dose and duration have not yet been established thus, until further data
becomes available, long-term treatment with 2 mg bulevirtide once daily may be
considered safe and adequate (LoE 5, weak recommendation, consensusl'?l. Real-world
evidence from more than 500 patients treated in France, Germany, Austria, and Italy
was presented at international meetings. In the French Early Access Cohort study, an
increased rate of virological response from month 12 (33%) to month 24 (68%) was
observed after bulevirtidel®l. In the German real-world experience study including 114
patients bulevirtide showed high rates of virological response (= 2 Log HDV-RNA
decline) in 74% of patients, in a mean intervention period of 38.0 wk * 17.6 wk.
Interestingly, bulevirtide was well tolerated without major adverse effects even in five
patients with decompensated cirrhosis at baseline who achieved virological and

biochemical responses/26l.

Combination treatment with bulevirtide plus PegIFNa
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The rationale for combination therapy with bulevirtide and PeglFNa relies on the fact
that PeglFNa exhibits immunomodulatory and antiviral properties and is able to inhibit
cell division-mediated HDV spread, whereas bulevirtide inhibits HDV from entering
hepatocytes, thus preventing further infection. This combination is also recommended
by EASL CPG 2023 for patients without pegIFNa intolerance or contraindications (LoE
5, weak recommendation, consensus)’?l, In the MYR203 study, the patients were treated
for 48 wk with combination therapy. Twenty-four weeks after the end of treatment,
HDVRNA was undetectable in 53% of the patients who received bulevirtide 2 mg/d.
The rates of sustained virological response were 27% and 7% in patients treated with 5
and 10 mg daily respectivelyl?l. In the ongoing MYR204 study, patients were
randomized to receive combination treatment with BLV at a dose of 2 or 10 mg/d for 48
wk and then continued with BLV monotherapy for another 48 wk, or monotherapy
with BLV at a dose of 10 mg for 96 wk. In the 24" wk of treatment, patients receiving
combination therapy achieved a greater decline in HDV-RNA levels than those treated
with bulevirtidine monotherapy (92% when administered PegIFNa + 10 mg BLV vs 88 %
PeglFNa + 2 mg BLV vs 72% in BLV 10 mg monotherapy). Although these data are
promising, the number of patients was small and some points need to be clarified

further(8l,

Future treatment options

Better understanding of the HDV life cycle and its interplay with hepatocytes has
enabled the development of new antiviral agents as possible candidates for CHD
treatment. Besides BLV, an NTCP inhibitor, other promising agents include prenylation
inhibitors that inhibit the prenylation of large HDV antigens, which are essential for
HDV virion morphogenesisi?’l, and nucleic acid polymers, which interact with the
hydrophobic surface of HBsAg and destabilize its assembly and secretion of subviral

particles, leading to the degradation of intracellular HBsAg[30L

DISCUSSION
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Over the last few decades, the interaction between viral hepatitis and autoimmune
diseases has received increasing attention, with special interest in hepatitis B and D
virus co-infection. In some CHD cases, clinical AIH has been reported after treatment
with pegylated interferon. Starting from this observation, several questions arise,
mainly concerning the exact correlation between the onset of autoimmune disease and
hepatitis band D and treatment with pegylated interferon. Since all possible scenarios
have been described, and many different cases have been reported in the literature,
some steps have been proposed to manage AIH in patients with chronic hepatitis delta.
First, all the HBsAg-positive patients were screened for HDV antibodies (anti-HDV).
Consequently, HDV-RNA should be tested in all anti-HDV-positive patients, and
regardless of the results, all anti-HDV-positive patients should be screened for AIH by
testing serological data, suchas ANA, SMA, p-ANCA, and IgG levels, as well as
transaminase levels. If serological data indicate AIH, a liver biopsy should be
performed. Nevertheless, in anti-HDV-positive patients with detectable HDV-RNA
levels and laboratory tests compatible with AIH, treatment with bulevirtide should be
initiated as PeglFNa is contraindicated in these cases. If a biochemical response is
achieved with transaminase normalization and decreased IgG levels, treatment with
BLV should still be continued. If there is a partial or no biochemical response, first-line
ATH treatment with prednisolone 0.5 mg/kg of body weight/day should be considered
together with BLV. First-line treatment for AIH should be applied in anti-HDV-positive
patients with undetectable HDV-RNA levels, positive serological data for AIH, and
elevated transaminase levels. If a biochemical response is achieved, prednisolone
should be continued in a tapered manner as described previously. If there is a partial or
no biochemical response, HDV-RNA should be checked, and if detectable, BLV should
be initiated immediately. If it remains undetectable, second-line AIH treatment, that is,
MMEF, should be considered, but with great caution due to side effects. Despite a
satisfactory biochemical response, all anti-HDV patients with undetectable HDVRNA
who are being treated for AIH should be closely monitored for HDV reactivation by

examining HDVRNA levels at least every 12-24 wk. Moreover, all patients undergoing
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AIH therapy should receive treatment with nucleos(t)ide analogs to avoid reactivation
or exacerbation of chronic hepatitis B. (Figure 1).

However, not all patients with CHD and AIH achieve biochemical and/or virological
responses when treated with BLV and/or first- or second-line AIH therapy, particularly
in patients with decompensated cirrhosis. In these patients, liver transplantation should

be considered until new HDV anti-viral agents are available.

CONCLUSION

Therefore, patients with Chronic Hepatitis Delta should be evaluated for AIH. Once
AIH is diagnosed, treatment with bulevirtide should be initially administered and
continued as long as there is a biochemical response. In patients with partial or no

biochemical response, autoimmune therapy with prednisolone should be considered.
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Figure Legends

Figure 1 Management of autoimmune hepatitis induced by hepatitis delta virus.
Assess all hepatitis B surface antigen (+) patients for anti-hepatitis delta virus (HDV).
For anti-HDV positive patients evaluate HDV-RNA status and autoimmune hepatitis
(AIH). Consider liver biopsy for patients with serologic evidence of AIH: (1) Initiate
BLV for HDV-RNA (+) and AIH (+). If there is biochemical response continue BLV; If
there is partial or no biochemical response use AIH targeted therapies; and (2) If HDV-
RNA (-) and AIH (+) initiate treatment for AIH. If there is biochemical response

continue AIH treatment; if there is partial or no biochemical response check HDV-RNA
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and if positive add BLV, otherwise proceed to 27d line treatment for AIH. HDV:
Hepatitis delta virus; HBV: Hepatitis B virus; AIH: Autoimmune hepatitis; ANA:
Antinuclear antibodies; SMA: Smooth muscle autoantibodies; ANCA: Anti-neutrophil

cytoplasmic antibodies; IgG: Immunoglobulin G; HBsAG: Hepatitis B surface antigen.
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