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Abstract

Autoimmune hepatitis (AIH) is a chronic, progressive inflam-
matory liver disease caused by autoimmune reactions, with
an unknown etiology. If left untreated, it can progress to
cirrhosis, liver failure, or even death. While most patients
respond well to first-line treatments, a significant number
experience poor responses or intolerance, requiring the use
of second- or third-line therapies. Ongoing research into the
pathogenesis of AIH is leading to the development of novel
therapeutic approaches. This review summarized recent ad-
vancements in the treatment of AIH both domestically and
internationally.
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Introduction

Autoimmune hepatitis (AIH) is a chronic, progressive inflam-
matory liver disease driven by an autoimmune reaction in
which the immune system attacks liver tissue, leading to
inflammation and damage. The clinical features of AIH in-
clude elevated serum transaminases of varying degrees,
hypergammaglobulinemia, positive serum autoantibodies,
and histological evidence of interface hepatitis, characterized
by lymphocytic and plasma cell infiltration. The global an-
nual incidence and prevalence of AIH are 1.37/100,000 and
17.44/100,000, respectively.! AIH can occur across all age
groups and ethnicities? but is most prevalent in individuals
aged 40 to 70 years® and is more common in middle-aged
women.4> The exact cause of AIH remains unknown but
is thought to involve a combination of genetic predisposi-
tion and environmental factors. Without early diagnosis and
treatment, AIH can progress to cirrhosis, liver failure, and
even death.® This review summarizes the current advance-
ments in AIH treatment research.
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Indications for treatment

Research indicates that immunosuppressive treatment in
AIH patients can improve liver function, alleviate symptoms,
extend survival time, and promote fibrosis regression, even
in cases of cirrhosis.”8 Untreated AIH patients are at risk of
developing advanced fibrosis, cirrhosis, and ultimately he-
patic decompensation.

Therefore, guidelines from China, Europe, and the United
States all recommend initiating immunosuppressive therapy
for patients with active AIH (serum aminotransferase levels
> 3x the upper limit of normal [ULN], IgG = 1.5x ULN, and/
or moderate to severe interface hepatitis). The treatment
regimen and drug dosage can be adjusted based on disease
activity.%10 For patients with inactive or mild inflammatory
activity (serum aminotransferase levels < 3x ULN, IgG <
1.5x ULN, and/or mild interface hepatitis), especially the
elderly, the benefits and risks of immunosuppressive treat-
ment should be carefully weighed for individualized manage-
ment.®910 Patients for whom immunosuppressive therapy is
not immediately initiated must be monitored every three to
six months, with treatment administered if significant clinical
symptoms or inflammatory activity are observed.5:9,10

Immunosuppressive treatment should continue for at least
two years after achieving complete biochemical remission,
which is defined by the normalization of serum transami-
nases and IgG levels. A liver biopsy is recommended before
discontinuing treatment to confirm remission, and liver func-
tions should be closely monitored after discontinuation to de-
tect relapse promptly.

Despite some patients maintaining remission after dis-
continuation,! research has shown that the majority expe-
rience disease relapse after stopping medication. Muratori
et al.'2 found that 23 AIH patients in complete remission all
relapsed within 10 months of discontinuing very low doses
of steroids. Similarly, a study by Gerven et al.}3 found that
among 131 patients with complete remission, the relapse rate
exceeded 80% within three years of stopping immunosup-
pressive therapy. Since multiple relapses are associated with
a poorer prognosis, some researchers believe it may be safer
to prolong maintenance treatment in complete responders
with low-dose drugs indefinitely, regardless of liver function
tests and biopsy results. In the vast majority of such patients,
this approach—uvirtually devoid of significant side effects—
was successful in controlling liver inflammation and halting
disease progression. Thus, whether patients who meet the
criteria for medication withdrawal should stop maintenance
treatment remains a topic for further research and discussion.
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Treatment

First-line treatment

The goal of first-line treatment is to alleviate symptoms,
prevent disease progression, achieve biochemical remission,
and reduce complications. Ideal biochemical remission is
defined as the normalization of serum transaminases (ALT,
AST) and IgG levels.6:9:10

Predniso(lo)ne and azathioprine (AZA)

For untreated adult AIH patients who are not experienc-
ing an acute severe flare-up or cirrhosis, predniso(lo)ne
combined with AZA or predniso(lo)ne alone has long been
considered the first-line treatment. The Chinese guidelines
for the diagnosis and treatment of autoimmune hepatitis
(2021)% recommend predniso(lo)ne combined with AZA as
the initial first-line treatment. Predniso(lo)ne is used to in-
duce remission, while AZA is used for maintenance therapy.
The initial dose of predniso(lo)ne is 0.5-1 mg/kg/day (typi-
cally 30-40 mg/day), with an induction regimen of 30 mg/
day for the first week, 20 mg/day for two weeks, and 15
mg/day for four weeks. Once the predniso(lo)ne dose is be-
low 15 mg/day, it should be reduced gradually by 2.5 mg/
day until a maintenance dose of 5-10 mg/day is achieved.
During the maintenance phase, predniso(lo)ne can even be
discontinued, with AZA 50 mg/day used alone. The Ameri-
can Association for the Study of Liver Diseases (hereinafter
referred to as AASLD) guidelines (2019)° recommend ei-
ther predniso(lo)ne alone (40-60 mg/day) or predniso(lo)
ne (20-40 mg/day) combined with AZA (50-150 mg/day)
as the first-line treatment, with biochemical tests conduct-
ed every one to two weeks. The European Association for
the Study of the Liver guidelines (2015)10 suggest an initial
predniso(lo)ne dose of 0.5-1 mg/kg/day, adding AZA (50
mg/day) after two weeks, with dosage adjustments based
on toxicity and response until a maintenance dose of 1-2
mg/kg is achieved. Combining predniso(lo)ne with AZA sig-
nificantly reduces the required predniso(lo)ne dose and its
side effects, making this approach suitable for postmeno-
pausal women and patients with osteoporosis or diabetes.
However, AZA as a first-line treatment is contraindicated in
cholestatic patients due to the increased risk of hepatotox-
icity.

Thiopurine methyltransferase (TPMT) is an enzyme in-
volved in AZA metabolism. Measuring TPMT activity can help
predict AZA toxicity. Guidelines®10 recommend TPMT testing
before initiating AZA therapy in AIH patients. For patients
with TPMT deficiency, a predniso(lo)ne monotherapy regimen
may be used. However, even with TPMT testing, all patients
starting AZA therapy must be closely monitored to minimize
side effects and drug toxicity. In practice, this monitoring
may not always be feasible.

A study!4 involving 451 adult AIH patients divided them
into high-dose predniso(lo)ne (0.50 mg/kg/day, n = 281)
and low-dose predniso(lo)ne (< 0.50 mg/kg/day, n = 170)
treatment groups. After one year of treatment, the overall
biochemical remission rates were similar between the two
groups (76.2% vs. 77.6%), indicating that low-dose steroid
therapy can also effectively induce remission of AIH while
significantly reducing steroid side effects. However, further
research is needed to confirm these findings.

Additionally, research!? has shown that in AIH patients
with complete biochemical remission, maintaining treatment
with the minimum dose of steroids (2-4 mg daily or even
every other day) seems to protect against the progression
of liver disease.

Budesonide

Budesonide is a second-generation glucocorticoid with a he-
patic first-pass clearance rate of nearly 90%. Its primary
sites of action are the liver and intestines, resulting in rel-
atively mild systemic side effects.® In cases of non-severe
acute or chronic AIH, budesonide is an effective alternative
to predniso(lo)ne for induction treatment.1> However, bude-
sonide is not recommended for patients with cirrhosis due to
the loss of its first-pass effect advantage caused by portosys-
temic shunting. A multicenter retrospective study!® conduct-
ed in Spain compared 105 early AIH patients treated with
budesonide as first-line therapy to 276 patients treated with
predniso(lo)ne. The median time to biochemical response was
3.1 months in the budesonide group and 4.9 months in the
predniso(lo)ne group, with a significantly higher biochemical
response rate in the predniso(lo)ne group (87% vs. 49%, p
< 0.001). Among patients with transaminase levels less than
twice the upper limit of normal, the biochemical response
rates were similar between the two treatment groups. This
indicates that while budesonide is effective in treating AIH,
its efficacy appears to be inferior to predniso(lo)ne. It can be
considered as a first-line treatment option for AIH in patients
with mild flare-ups.

In a recent retrospective study on AIH patients in the
United States, ! it was found that budesonide use as a treat-
ment option was uncommon. During a follow-up period of at
least two years, less than 5% of patients used budesonide
as a first-line treatment, suggesting that most American AIH
patients were only temporarily exposed to budesonide and
did not consider it a primary treatment strategy. Therefore,
although budesonide can reduce the adverse effects associ-
ated with prednisone and serve as an alternative first-line
therapy, its use as a first-line treatment in real-life practice
remains low.

Second-line treatments

Second-line treatments are indicated for patients who ex-
perience nonresponse, insufficient response, or intolerance
to first-line therapy. Nonresponse is defined as a less than
50% decrease in serum transaminases within four weeks
after the initiation of treatment, occurring in 7% to 9% of
adults.® Insufficient response refers to the lack of complete
biochemical response (normalization of serum transami-
nases and IgG levels) after six months of treatment. In-
tolerance to treatment refers to any adverse events that
lead to the discontinuation of the drug. Muratori et al.l2
found that 36 (54.5%) of 66 partial or non-responders
experienced progression of liver disease despite intensive
conventional immunosuppression, highlighting the urgent
need for second-line treatments. Second-line therapies for
AIH include mycophenolate mofetil, calcineurin inhibitors
(cyclosporine A, tacrolimus), purine synthesis inhibitors
(allopurinol, 6-mercaptopurine, 6-thioguanine), and meth-
otrexate etc.

Mycophenolate mofetil (MMF)

MMF is a derivative of mycophenolic acid and inhibits the pro-
liferation of T and B lymphocytes by interfering with inosine
monophosphate dehydrogenase.'® MMF is the most widely
used alternative immunosuppressant in patients with an in-
adequate response to first-line therapy.

A meta-analysis!® of 309 patients found that the overall
response rate to MMF was 82% in patients intolerant to AZA
and 32% in those unresponsive to AZA. Compared to non-re-
sponsive patients, those who started MMF treatment due to
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intolerance to standard therapy had a higher response rate.
Additionally, AIH patients showed good tolerability to MMF,
with a lower discontinuation rate due to side effects.

A multicenter, randomized controlled trial?® showed
that in treatment-naive AIH patients, MMF combined with
predniso(lo)ne achieved a higher biochemical remission rate
at 24 weeks and better tolerance compared to the com-
bination of AZA and predniso(lo)ne. MMF combined with
predniso(lo)ne may be considered a first-line treatment op-
tion to achieve biochemical remission in AIH, though more
evidence is needed. The most common side effects of MMF
include gastrointestinal symptoms such as nausea, vomiting,
diarrhea, and pancytopenia,l® which should be monitored
during treatment.

Calcineurin inhibitors

Calcineurin inhibitors (CNIs), including cyclosporine A (CsA)
and tacrolimus (TAC), inhibit lymphocyte proliferation and
interfere with T-cell-mediated responses, thereby reducing
liver inflammation in AIH patients.18

A small retrospective study?! of 33 AIH patients treated
with CNIs showed that 10 out of 17 (59%) patients treated
with CsA and 6 out of 16 (38%) patients treated with TAC
achieved complete biochemical remission without significant
adverse effects. This indicates that CNI treatment is safe,
moderately effective, and well-tolerated.

Another prospective randomized trial?2 involving 50 chil-
dren compared standard therapy with CsA treatment, show-
ing that CsA was as effective as standard therapy in inducing
remission in children with AIH, although the time to bio-
chemical remission was shorter in the standard treatment
group. This suggests that CsA can be used as a second-line
treatment in AIH patients, though further studies are needed
to confirm this.

A meta-analysis?3 evaluated the efficacy and safety of TAC
and MMF in treating AIH patients, showing overall biochemi-
cal remission rates of 68.9% for TAC and 59.6% for MMF. In
patients intolerant to standard treatment, the biochemical re-
mission rates were 56.6% for TAC and 73.5% for MMF, while
in non-responders, the rates were 59.1% for TAC and 40.8%
for MMF. This suggests that TAC can be used as a second-
line treatment, particularly in patients who respond poorly to
MMF. Additionally, a 2021 multicenter study in Spain24 found
that 18 out of 23 AIH patients (78%) achieved biochemical
remission with TAC, with only one patient discontinuing TAC
due to severe neurotoxicity and ototoxicity. This indicates
that TAC is an effective and well-tolerated second-line treat-
ment for AIH patients.

Purine synthesis inhibitors

AZA is a purine antimetabolite with cytotoxic properties. AZA
is converted into 6-mercaptopurine (6-MP), which is partially
inactivated through methylation catalyzed by TPMT to form
6-methylmercaptopurine, or through oxidation by xanthine
oxidase to form 6-thiouric acid. However, 6-MP can also en-
ter the immunosuppressive pathway and be converted into
6-thioinosinic acid by hypoxanthine-guanine phosphoribosyl
transferase. 6-thioinosinic acid can then be methylated by
TPMT into 6-methyl-thicinosine monophosphate or converted
by inosine-monophosphate dehydrogenase into 6-thiogua-
nine nucleotides (6-TGN). The immunosuppressive effects of
AZA are primarily mediated by 6-TGN and 6-methyl-thioino-
sine monophosphate, which are incorporated into DNA and
RNA, inhibiting purine nucleotide formation and leading to
cell apoptosis (Fig. 1).18
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Allopurinol

Allopurinol, a xanthine oxidase inhibitor, blocks the conver-
sion of 6-MP into 6-thiouric acid, shifting the metabolism of
AZA toward 6-TGN (Fig. 1).25 A study2%:27 involving AZA-re-
fractory or AZA-intolerant AIH patients treated with allopuri-
nol combined with AZA showed biochemical improvement in
all eight participants, with reductions or normalization of ALT
levels and sustained long-term improvement in seven pa-
tients. Additionally, approximately 80% of patients effective-
ly bypassed the side effects caused by AZA. These findings
suggest that allopurinol can be an effective and relatively
safe alternative immunosuppressive therapy.2>

6-MP

A retrospective analysis of 22 AIH patients treated with
6-MP in Europe?® found that out of 20 patients previously
intolerant to AZA, 15 (75%) responded to 6-MP treatment:
eight achieved complete remission, seven achieved partial
remission, and five switched to other immunosuppressive
regimens due to intolerance to 6-MP. The two patients with
insufficient response to AZA also did not respond to 6-MP.
This study suggests that 6-MP can be an effective second-
line treatment for AIH patients who are intolerant to AZA.

6-Thioguanine (6-TG)

6-TG is enzymatically converted to 6-TGN, an active metabo-
lite of AZA, but bypasses the metabolic step that produces
the hepatotoxic metabolite 6-methylmercaptopurine.i® A
study from France?® described the outcomes of 17 AIH pa-
tients who failed previous AZA therapy and were treated with
6-TG. Of these, 16 (94%) achieved normalization of serum
transaminases within three months, 11 (64%) maintained a
sustained biochemical response, while four (23%) relapsed,
and two discontinued treatment due to adverse effects. This
suggests that 6-TG can be a viable second-line treatment op-
tion for AZA-intolerant patients.

Methotrexate (MTX)

MTX, a classical immunosuppressant, inhibits folic acid re-
ductase activity, blocking the synthesis of tetrahydrofolate
and thereby inhibiting DNA replication and synthesis. It is
widely used in autoimmune diseases such as rheumatoid ar-
thritis and systemic lupus erythematosus. In a small study,3°
six out of 11 AIH patients (54.5%) treated with MTX achieved
complete biochemical response within 36 months, most with-
in 12 months, while five patients discontinued due to poor
efficacy. Although MTX may have a role in AIH treatment, its
efficacy appears lower compared to other second-line ther-
apies, and further validation is needed. Given its inherent
hepatotoxicity, its use must be carefully considered.

Third-line treatment

For AIH patients who fail first- and second-line therapies,
reevaluation of the diagnosis is necessary, and third-line
treatments may be initiated. Currently, third-line treatments
include biologic medications such as rituximab, infliximab,
and belimumab. In September 2023, a study3! analyzed clin-
ical data from 25 AIH patients treated with various biologics
for different reasons, collected via an online questionnaire.
The study found that biologic therapy normalized ALT levels
in most patients and effectively controlled extrahepatic au-
toimmune diseases, although relapses were more common
among patients treated with belimumab. This study provides
valuable insights into the safety and efficacy of biologics in
AIH patients.
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Fig. 1. Metabolites and pharmacokinetics of azathioprine. AZA, azathioprine; 6-MP, 6-mercaptopurine; TPMT, thiopurine methyltransferase; 6-MMP, 6-methyl-
mercaptopurine; XO, xanthine oxidase; 6-TU, 6-thiouric acid; HPRT, hypoxanthine-guanine phosphoribosyl| transferase; 6-TIMP, 6-thioinosine monophosphate; IMPDH,
inosine-monophosphate dehydrogenase; 6-TGN, 6-thioguanine nucleotides; 6-MTIMP, 6-methyl-thioinosine monophosphate; RNA, Ribonucleic acid; DNA, Deoxyribo-

nucleic acid.

Rituximab

Rituximab is a monoclonal antibody targeting the CD20 re-
ceptor on the cell surface. A study by the International Auto-
immune Hepatitis Group32 involving 22 AIH patients treated
with rituximab and followed for 24 months found that pa-
tients tolerated rituximab well, with significant biochemical
improvements and disease stabilization. Predniso(lo)ne dos-
age was reduced in 62% of patients, and 71% experienced
no AIH flare-ups. This suggests that rituximab can be effec-
tive for some AIH patients, but it can also lead to serious
side effects, such as infections and hematologic or lymphatic
abnormalities.

Infliximab

Infliximab is a tumor necrosis factor (TNF)-a inhibitor widely
used in autoimmune diseases such as inflammatory bowel
disease. A study33 of 11 refractory AIH patients found that
infliximab treatment reduced hepatic inflammation, as evi-
denced by lower serum transaminase and immunoglobulin
levels, though seven patients developed infections. Addition-
ally, studies3* have found that infliximab can induce drug-
induced AIH-like liver injury, so its use requires careful moni-
toring of liver function and other relevant indicators.

Belimumab
Belimumab is a B-cell activating factor inhibitor proven effec-

tive in systemic lupus erythematosus and other systemic au-
toimmune diseases. A study3> on two refractory AIH patients
treated with belimumab as third-line therapy showed that
both patients achieved complete biochemical remission while
maintaining low-dose corticosteroids, with no adverse events
observed. This suggests that belimumab may be a promising
option for treating AIH patients.

In addition, ongoing trials are investigating treatments
such as tocilizumab, ustekinumab, sirolimus, and JAK/STAT
pathway inhibitors in AIH patients.

Liver transplantation (LT)

LT is indicated for AIH-related liver failure or decompensated
cirrhosis.6:10

Reports36 indicate that approximately 10% of AIH patients
will require LT during their lifetime. A long-term study37 of 74
AIH patients who underwent LT found one-year, three-year,
five-year, and 10-year survival rates of 91%, 89%, 87%, and
82%, respectively, with graft survival rates of 89%, 88%,
86%, and 76%, respectively. Another long-term nationwide
study38 in France, spanning 30 years, also demonstrated ex-
cellent survival rates for AIH patients and their grafts post-LT.

Post-LT AIH patients often receive low-dose corticoster-
oids (predniso(lo)ne) combined with immunosuppressants,3°
as this regimen reduces AIH recurrence, lowers rejection
rates, and increases graft survival while minimizing corticos-
teroid side effects.40-43 However, the 2019 AASLD guidelines®
suggest that glucocorticoids are not significantly effective in
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post-LT AIH patients and recommend gradual discontinuation
of glucocorticoids after LT.

Microbiome therapy

The human gastrointestinal tract hosts a vast microbial eco-
system, comprising trillions of microorganisms, including
bacteria, fungi, and viruses, collectively known as the gut
microbiota. These microorganisms play crucial roles in bio-
synthesis, metabolism, and immunity.*4 Research is increas-
ingly focusing on the close relationship between AIH and the
gut microbiota. Exploring this relationship further may elu-
cidate the mechanisms of AIH and uncover new targets for
diagnosis and treatment.

Mechanism of Gut Microbiota and AIH

Approximately 75% of the liver’s blood supply comes from
the portal vein, continuously exposing the liver to various an-
tigens and toxins derived from the gut. Under normal condi-
tions, the intestinal mucosal barrier prevents gut microbiota
and their metabolites from entering the portal system, and
the liver can clear small amounts of microbes entering the
portal vein. However, in pathological states like AIH, intesti-
nal mucosal permeability changes, allowing large amounts of
gut microbiota and their metabolites to translocate through
the portal system to the liver. This induces activation of he-
patic immune cells and fosters a pro-inflammatory environ-
ment. Consequently, this affects T lymphocytes’ recognition
of self-antigens, impairs organ-specific immune tolerance,
and ultimately leads to AIH.

Gut Microbiota-Related Therapeutic Approaches

Probiotics/prebiotics

A study#> treating AIH mice with a mix of Bifidobacterium
and Lactobacillus probiotics found that these probiotics inhib-
ited inflammatory cell differentiation, promoted the differen-
tiation of regulatory T cells (Tregs) for immune tolerance, im-
proved intestinal barrier function, increased the abundance
of intestinal flora in AIH mice, prevented the translocation of
lipopolysaccharides to the liver, and reduced the production
of inflammatory cytokines, thereby promoting AIH remis-
sion. Additionally, prebiotics such as fructooligosaccharides
are indigestible food components that promote the growth of
beneficial gut bacteria and play important roles in regulating
the gut microbiota and improving immune regulatory func-
tions.

A recent study by Liwinski et al.46 observed significant
changes in the gut microbiota (GM) of AIH patients, noting
that a reduction in Bifidobacterium was associated with a
failure to achieve remission. Therefore, assessing the GM al-
ternations during different AIH stages (diagnosis, remission,
relapse) and outcomes (responder, non-responder, disease
progression) may reveal new therapeutic strategies. These
findings could support the use of probiotics to maintain a
healthy GM state after achieving remission with standard im-
munotherapy, to prevent disease relapse, or to use probiot-
ics as adjunctive therapy in non-responsive AIH patients to
prevent disease progression.

Fecal microbiota transplantation (FMT)

FMT involves transplanting fecal microbiota from a healthy
donor into the patient’s gut to restore the balance of gut mi-
crobiota. Recent studies have shown that FMT has potential
in treating AIH.

Research4” found that AIH mouse models exhibited signifi-
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cant liver inflammation and imbalances in follicular regula-
tory T cells and follicular helper T cells. Therapeutic FMT in
AIH mice significantly reduced liver injury, improved the bal-
ance of follicular regulatory T cells and follicular helper T cells
in the spleen, decreased serum ALT, AST, and TBIL levels,
and effectively restored gut microbiota dysbiosis in AIH mice.

However, current studies on FMT in AIH are limited and
remain at the preclinical stage. Further research and clinical
trials are needed to determine the specific mechanisms and
long-term effects of FMT in AIH treatment.

Bacteriophage

Bacteriophages are an important component of gut viruses
and may have potential therapeutic effects in AIH patients.

Bacteriophages can regulate the immune system by inter-
acting with host cells, affecting immune cell activity, promot-
ing immune tolerance, and reducing autoimmune responses.
They can also be engineered to carry specific gene sequences
encoding antibodies or other therapeutic proteins targeting
AIH-related autoantigens. Introducing these bacteriophages
into patients could allow them to release therapeutic mole-
cules in the liver, specifically modulating immune responses.
Additionally, bacteriophage therapy might induce an immune
system response by mimicking infection, thereby re-regu-
lating the immune system and alleviating AIH symptoms or
improving disease progression.48

While these potential therapies are promising, more re-
search is needed to determine their true efficacy and safety
in AIH treatment.

New experimental drugs

Interleukin (IL)-2: IL-2 is a crucial immunomodulatory
factor that promotes the growth, differentiation, and survival
of T cells. Low-dose IL-2 has demonstrated therapeutic effi-
cacy in various autoimmune diseases, such as systemic lupus
erythematosus, rheumatoid arthritis, and ankylosing spon-
dylitis.#9-51 Research by GraBhoff et al.>2 found that low-dose
IL-2 therapy increases the number and function of Tregs,
which may help alleviate symptoms and liver inflammation in
AIH patients. Buitrago et al.>3 reported that combined IL-2/
anti-IL-2 therapy restored the balance of intrahepatic Tregs
and effector T cells, improving the disease course in AIH
mice. This suggests that IL-2 therapy may have the potential
to reestablish immune tolerance in AIH patients.

Although some studies have shown positive effects of IL-2
treatment in AIH patients, further investigation is needed to
confirm its long-term efficacy and safety.

Tregs: Tregs are a specialized subset of T cells that have
been recognized as a fundamental group of lymphocytes
responsible for maintaining immune homeostasis and pre-
venting autoimmune diseases.>* A systematic review and
meta-analysis®®> on the changes in Treg proportions in the
peripheral blood of AIH patients revealed that Treg propor-
tions among CD4 T cells and PBMCs were decreased in AIH
patients compared with healthy controls. These changes in
Treg number and function play a significant role in AIH liver
injury. Consequently, many experts believe that Treg therapy
could be potentially curative for AIH.

A proof-of-concept study®® reported that nearly a quarter
of reinfused Tregs homed to and resided in the liver, support-
ing further investigation of Treg infusion in AIH. Additionally,
research>’ found that the use of erythropoietin in stable AIH
patients can increase overall Tregs, thereby improving the
prognosis of AIH patients. These findings provide a founda-
tion for the future use of Tregs as a therapeutic option for
AIH patients.
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Preimplantation factor (PIF): PIF is a polypeptide se-
creted by viable embryos that promotes maternal immune
tolerance. A randomized, double-blind, placebo-controlled
clinical trial®® randomly assigned 18 AIH patients into three
groups of six, each receiving different doses (0.1, 0.5, 1.0
mg/kg) of synthetic PIF or a matching placebo. Results
showed that all 18 patients completed the trial successfully,
with good tolerance across all dosage groups and no sig-
nificant clinical adverse events. However, no significant re-
duction in ALT and AST levels was observed in PIF-treated
patients compared to the placebo group. This suggests that
while PIF is safe and well-tolerated in AIH patients, further
research is needed to explore its long-term efficacy and op-
timal dosing.

Ginsenosides: Ginsenosides, the main active compo-
nents in ginseng, can inhibit the expression of TNF-a and
IL-6, exhibiting significant anti-inflammatory effects.>® Gin-
senosides also enhance the number and function of Tregs,
strengthening immune regulation.6® They have been widely
studied for treating various diseases, including cancer, dia-
betes, cardiovascular diseases, and neurodegenerative dis-
eases.®! Recent studies have begun to explore their potential
therapeutic effects in autoimmune diseases, including AIH.
However, more clinical and experimental research is needed
to verify the specific efficacy of ginsenosides in AIH. If future
studies confirm their effectiveness and safety, ginsenosides
could become a new adjunctive treatment, helping to im-
prove patient outcomes.

Treatment in special populations

Pregnant women

Studiesb2-66 show that AIH is more common in female pa-
tients, with 7-33% experiencing disease flare-ups or relaps-
es during pregnancy and 30-50% relapsing postpartum. It is
recommended to continue maintenance doses of predniso(lo)
ne and AZA throughout pregnancy and the preconception pe-
riod to reduce the risk of relapse and hepatic decompensa-
tion. Women with cirrhosis who are pregnant or planning to
conceive within a year should undergo endoscopic variceal
screening and banding treatment before conception or in the
second trimester. MMF should be avoided during pregnancy
due to its association with early miscarriage and birth defects
(e.g., ear and heart defects). Women should be informed of
these risks before initiating MMF therapy. AIH female pa-
tients should be closely monitored for six months postpartum
to prevent relapse.

Elderly patients

AIH patients over 60 years old account for 20-25% of adult
cases and often have few or no symptoms but frequently
present with other autoimmune diseases.67-70 For elderly
patients, a combination of predniso(lo)ne and AZA is rec-
ommended, with indications and dosages similar to those
for younger patients. Combined therapy can reduce steroid
doses, minimizing steroid-related adverse effects, especially
in patients with existing osteoporosis or poorly controlled
diabetes. TPMT activity should be assessed before AZA ad-
ministration to reduce the incidence of severe bone marrow
suppression and other complications.®70

Children

The annual incidence of pediatric AIH is 0.23-0.4 cases per
100,000, peaking around 10 years of age. Immediate ini-
tiation of immunosuppressive therapy is essential upon AIH
diagnosis in children to avoid delaying treatment and wors-

ening the prognosis.®

Guidelines®°:10 recommend an initial predniso(lo)ne dose
of 1-2 mg/kg/day for children, not exceeding the adult maxi-
mum dose (40-60 mg/day), with gradual tapering after four
to eight weeks as serum transaminase levels decrease. The
maintenance dose is 2.5-5.0 mg/day. Generally, glucocorti-
coids combined with AZA are recommended, with a two-week
glucocorticoid trial before starting AZA to assess efficacy and
evaluate TPMT polymorphisms to prevent severe bone mar-
row suppression. The starting AZA dose is 0.5 mg/kg/day,
with @ maximum dose of 2.0 mg/kg/day. Additionally, guide-
lines suggest budesonide combined with AZA as first-line
therapy for children without cirrhosis, with mild symptoms,
or when steroid side effects are a concern. For children with
complex conditions or intolerance or nonresponse to stand-
ard therapy, second- and third-line therapies such as MMF or
TAC are recommended.

In clinical practice, there are some drug-resistant or se-
ronegative pediatric AIH patients. In these cases, there may
be potential genetic variations affecting immune regula-
tion.”1-73 Therefore, early genetic testing and analysis should
be conducted to facilitate more targeted immunotherapy.

A case report from England’! described a 21-month-old
girl diagnosed with type II AIH who did not respond well
to predniso(lo)ne, AZA, and MMF, exhibiting STAT overac-
tivation. Following the administration of the JAK inhibitor
baricitinib, the child showed normalization of transaminas-
es, reduction in spleen size, and improved liver biopsy pa-
thology results within a short period. Additionally, Hegarty
and Pandurangi et al.”273 reported cases of AIH in children
with TNFAIP3 gene mutations in the UK and the USA. These
children achieved biochemical remission with standard AIH
treatments and showed resolution of extrahepatic inflamma-
tion with JAK inhibitor therapy. These findings demonstrate
the promising therapeutic effects of JAK inhibitors for specific
forms of AIH in children.

Conclusions

The etiology of AIH is complex and not yet fully understood.
It can occur in individuals of all ages, genders, and races,
with clinical manifestations influenced by genetic, environ-
mental, and socioeconomic factors, resulting in significant
clinical heterogeneity. Therefore, selecting appropriate, ef-
fective, and low-side-effect treatment regimens remains
a challenge. Most patients respond well to first-line treat-
ments. However, if predniso(lo)ne and AZA fail to effective-
ly alleviate symptoms and liver inflammation, second- and
third-line therapies, such as MMF, TAC, and biologics, have
proven to be effective options. With further research into
the gut-liver axis, gut microbiota-targeted therapies like
probiotics and FMT are also showing promise in AIH treat-
ment. Advances in understanding the pathogenesis have
led to the development of new treatments such as IL-2, PIF,
and Tregs. In summary, the optimal treatment plan for AIH
patients should be individualized to slow disease progres-
sion, reduce side effects, and improve treatment efficacy
and quality of life.
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