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Abstract: Autoimmune hepatitis (AIH) is a chronic immune-inflammatory disease of the liver,
generally considered a rare condition. The clinical manifestation is extremely varied and can range
from paucisymptomatic forms to severe hepatitis. Chronic liver damage causes activation of hepatic
and inflammatory cells leading to inflammation and oxidative stress through the production of
mediators. This results in increased collagen production and extracellular matrix deposition leading
to fibrosis and even cirrhosis. The gold standard for the diagnosis of fibrosis is liver biopsy; however,
there are serum biomarkers, scoring systems, and radiological methods useful for diagnosis and
staging. The goal of AIH treatment is to suppress fibrotic and inflammatory activities in the liver to
prevent disease progression and achieve complete remission. Therapy involves the use of classic
steroidal anti-inflammatory drugs and immunosuppressants, but in recent years scientific research
has focused on several new alternative drugs for AIH that will be discussed in the review.
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1. Introduction

Autoimmune hepatitis (AIH) is a chronic immune-inflammatory liver disease. AIH
has a universal distribution, but its prevalence varies according to sex, age and ethnicity [1].
Although it can affect individuals of both sex and age, it is most frequent in women with a
bimodal age-related incidence curve (a first peak in children and adolescents, and a second
one in middle age) [1,2].

AIH is usually considered a rare disorder. However, its prevalence is rising world-
wide, probably due to a change in lifestyle, but also to improved diagnostic skills that
have reduced the number of undiagnosed AIH [2]. Based on recent epidemiological
data, it is estimated to range between 160–170 cases/1000.000 inhabitants in Europe and
200 cases/1000.000 in North America [1,3].

AIH causes are not fully understood. However, current knowledge points to the
development of the disease in genetically predisposed individuals (strong association with
genes encoding the HLA class II DRB1 alleles), after their exposure to triggering factors
(e.g., infections). In this case, the autoimmune injury occurs through molecular mimicry
mechanisms and is favored by the decreased T-cells regulation [1].

Clinical manifestation is extremely varied and can span from mild forms with unspe-
cific symptoms, such as malaise, lethargy, nausea, anorexia, pruritis and jaundice, to severe
or even fulminant hepatitis [3]. Approximately 12–35% of patients are totally asymptomatic
while one-third of them already have cirrhosis at diagnosis, regardless of the presence of
symptoms [1].

AIH is characterized by interface hepatitis on liver histology, hyper-gammaglobulinemia,
elevated aminotransferases and circulating autoantibodies [4]. Based on autoantibody pro-
file, AIH can be classified in three subtypes: AIH type 1 (AIH-1) represents the most
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frequent (about 80%) and is associated with detection of antinuclear antibodies (ANA),
smooth muscle autoantibodies (SMA) and perinuclear anti-neutrophil cytoplasmic anti-
bodies (p-ANCA). AIH type 2 is quite rare (3–4%, mainly children) and is characterized by
the presence of anti-liver/kidney microsomal antibody type 1 autoantibodies (anti-LKM1),
anti-LKM type 3 (anti-LKM3) and/or antibodies against liver cytosol type 1 antigen (anti-
LC1). Lastly, AIH type 3 (10–20%) is associated with detection of antibodies against soluble
liver antigen (SLA) or liver-pancreas antigen (LP) [1,4].

Autoimmune response together with other inflammatory factors are responsible for
the progression of liver damage, which can lead to fibrosis and even cirrhosis. Fibrosis is
related to both duration and severity of the inflammatory activity [5]. Thus, the adequate
assessment of this condition, to improve AIH prognosis, represents a challenge and increas-
ing knowledge regarding the underlying fibrotic mechanisms is essential to develop new
anti-fibrotic agents.

In this review, we discuss recent non-invasive methods for fibrosis detection and
provide an update on the therapeutic strategies which are potentially useful in reversing
the fibrotic condition in AIH patients.

2. Fibrogenesis in AIH

Fibrosis can be defined as the consequence of the reparative response occurring in liver
tissues after an injury, which leads to an excessive accumulation of scar tissue (extracellular
matrix, ECM) in the hepatic parenchyma [5].

In conditions of prolonged liver injury such as AIH, fibrogenesis dominates over
fibrolysis, resulting in deposition of excess ECM, mainly collagens. This is accompanied
by a downregulation of metalloproteinase (MMP) secretion and activity, and by an in-
crease in tissue inhibitors of MMPs (TIMPs). These alterations promote tissue damage and
drive a secondary fibrogenic response, such as allowing hepatic stellate cells (HSCs) and
myofibroblasts to migrate and proliferate. Ultimately, changes in immune cell composi-
tion and angiogenesis lead to severe architectural modifications that compromise organ
functions [6].

Several factors are implicated in hepatic fibrosis pathogenesis and progression. These
include: inflammatory activity, cells apoptosis and oxidative stress (Figure 1).
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Figure 1. Liver fibrosis pathogenesis and progression. Chronic liver damage results in the activation
of liver and inflammatory cells that lead to inflammation and oxidative stress through the production
of mediators. This results in increased collagen production and extracellular matrix deposition
leading to fibrosis. ROS: Reactive Oxygen Species. TGF-β: Transforming Growth Factor Beta. MMP:
Metalloproteinase. TIMPs: tissue inhibitors of MMPs. TLR: Toll-like receptors. FAS-L: FAS ligand.
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In AIH, the inflammatory state is primarily instilled by autoimmune activity on liver
tissues. However, the hepatocytes’ response to inflammation also plays a decisive role in the
pathophysiology of fibrosis. In fact, liver damage involves the recruitment of both pro- and
anti-inflammatory cells, such as monocytes and macrophages mediated by the activation of
Toll-like receptors (TLRs) expressed in HSCs and Kupffer cells. Inflammatory cells amplify
the response through the production of cytokines and chemokines, which increase HSCs
stimulation. TLR itself promotes the transforming growth factor beta (TGF-β) activity,
facilitates its pro-fibrotic actions on HSCs and myofibroblasts, and increases the production
of Tumor Necrosis Factor alpha (TNF-α), Interleukin-1 beta (IL-1β) and chemokine lig-
ands [7]. Fibrogenic cytokines (e.g., TGF-β, IL-1β, IL-17, IL-20) and chemokines (e.g., CCR2,
CCR5) facilitate fibrosis development by stimulating trans-differentiation of HSCs into
myofibroblasts, which are the main source of ECM production [8–10]. Moreover, TGF-β
can expand the extracellular matrix content by repressing natural killer (NK) cell activity,
thus resulting in decreased HSCs apoptosis and fibrolytic MMP inhibition [10].

Generation of apoptotic bodies represents another key factor implicated in fibrotic
progression in AIH. Apoptosis is the principal mechanism of cell death in liver parenchyma,
mainly actuated through the extrinsic (receptor-mediated) apoptotic pathway. However,
in case of oxidative stress, the intrinsic (mitochondrial-mediated) pathway can also occur
because of its activation by reactive oxygen species (ROS) [7].

Oxidative stress is the condition whereby ROS production exceeds their elimination
capacity. It is implicated in many chronic liver diseases, playing an important role in
promoting liver fibrosis in AIH, too [4,7,10]. In inflammatory liver conditions, ROSs are
generated by myofibroblasts and Kupffer cells when they incorporate apoptotic bodies.
ROS in turn stimulates the intrinsic apoptotic pathway and activates HSCs implicated in
fibrogenesis [7].

Pemberton et al. observed that individuals with AIH-1 had elevated levels of oxidative
agents compared with healthy subjects [4]. They also detected a positive correlation
between ROS levels and total necroinflammation, interface hepatitis and fibrogenesis,
leading the latter to be considered as a marker of liver damage. In addition, AIH subjects
seemed to have an altered antioxidant status, with reduced levels of many antioxidant
compounds such as glutathione, selenium, vitamin A, vitamin D and vitamin E [4].

3. Fibrosis Assessment

The assessment of liver fibrosis can be detected using several methods, which are
summarized in Table 1. Although all these procedures are of great interest in the research
field, currently only liver biopsy and elastography are recommended in clinical practice [11].

Table 1. Methods of diagnosis and staging of liver fibrosis.

General Method Specific Procedures

Liver biopsy -

Serum biomarkers TGF-β
Angiotensin-converting enzyme (ACE)

Scoring systems

FibroTest
Aspartate Amino-Transferase/platelet Ratio Index (APRI)
Fibrosis-4 Index (FIB-4)
Red cell distribution width to Plateled Ratio (RPR)

Radiological procedures

Conventional ultrasound
Elastography
Magnetic resonance elastography (MRE)
Magnetic resonance spectroscopy (MRS)
Computed tomography (CT)
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3.1. Liver Biopsy

According to the European Association for the Study of the Liver (EASL) Guidelines,
liver biopsy is the “gold standard” for the assessment of liver fibrosis and it allows the
evaluation of its localization and quantification [11]. Although some histologic patterns
are characteristic of AIH, such as interface hepatitis, emperipolesis (intrusion of one intact
lymphocyte into a hepatocyte) and hepatic rosette formation, there is no specific histologic
finding of AIH [1,2,12]. Other frequent histologic patterns in AIH are Kupffer cell hyaline
granules, prominence of plasma cells in portal tracts, and the relative predominance of
plasma cells over lymphocytic inflammation [2].

Panlobular hepatitis, massive and bridging necrosis are usually observed only in acute
and severe forms [13]. In biopsies performed upon acute onset, the characteristic histolog-
ical pattern is panacinar hepatitis, which resembles those of drug-induced hepatitis [14].
Alternatively, pericentral necrosis may be found, resembling acute toxic injuries [15]. These
lesions have been proposed by the US NIH Acute Liver Failure Study Group for diagnostic
criteria for AIH presented as acute liver failure [16].

Liver biopsy is an important element for the diagnosis of AIH, as it offers the pos-
sibility to diagnose AIH also in patients without circulating autoantibodies. Moreover,
histologic analysis permits the assessment of different fibrosis stages, which can be a useful
information both in treatment decisions and in follow-up strategies [13].

However, liver biopsy is quite an invasive and expensive technique. Therefore, clinical
attention has progressively moved towards more non-invasive and cheaper methods, able
to replace liver biopsy in assessing hepatic fibrosis [17].

3.2. Non-Invasive Laboratory Tests

Many non-invasive laboratory tests are used to estimate liver fibrosis in chronic
viral hepatitis and non-alcoholic fatty liver disease. However, most of these non-invasive
laboratory tests have not yet been used or well validated in the field of AIH [7].

3.2.1. Serum Biomarkers

Fibrosis biomarkers can be considered as indirect indexes of the fibrotic process.
Although they are less precise than liver biopsy, they can be very useful in clinical practice
for therapy guidance. Fibrosis biomarkers include various cytokines, chemokines and
enzymes, but at present, evidence is available for only two compounds in AIH diagnosis:
TGF-β and angiotensin-converting enzyme (ACE).

TGF-β is one of the major cytokines, which is overexpressed in AIH patients and
directly correlates with inflammatory and fibrotic activities [18,19].

The role of renin-angiotensin system in fibrosis development is supported by higher
serum levels of ACE among AIH subjects [20]. In fact, 56 U/L and 64 U/L of ACE
concentrations are considered accurate cutoff values for severe fibrosis (respectively stage
B2 and B3), while 84 U/L is used as a cirrhosis cutoff [21].

Promising results were also obtained regarding Lysil Oxidase Like 2 (LOXL2). Recent
studies observed higher serum concentrations of this enzyme, which promotes crosslinking
of collagen and elastin, in patients with Primary Sclerosing Cholangitis (PSC). Moreover,
LOXL2 levels seemed effective in detecting advanced fibrosis and cirrhosis in PSC sub-
jects [22]. Studies are required to investigate whether elevated LOXL2 hepatic expression,
as well as circulating levels, correlate with fibrogenesis in AIH, too.

Lastly, recent preclinical studies suggested the possible role of some miRNAs as
biomarkers of liver fibrosis. Serum levels of miR-133a were significantly elevated in AIH
fibrotic mice, while levels of miR-122 and miR-21 were negatively correlated with liver
fibrosis [23]. To this regard, circulating extracellular vesicles, which are an important source
of nucleic acids and proteins released by the damaged liver, can develop into promising
non-invasive biomarkers for AIH [24].
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3.2.2. Scoring Systems

Scoring systems for fibrosis assessment are usually calculated through the combination
of two or more laboratory tests. Most of the used scores include: FibroTest, Aspartate
Amino-Transferase (AST)/Platelet Ratio Index (APRI), Fibrosis-4 Index (FIB-4) and red cell
distribution width to Platelet Ratio (RPR).

FibroTest combines five serum biochemical values (α2-macro-globulin, haptoglobin,
apolipoprotein A1, γ-glutamyl-transpeptidase and total bilirubin), which are adjusted
for subject age and gender. It is widely used as a diagnostic score in Hepatitis B Virus
(HBV) and Hepatitis C Virus (HCV) patients, because of its good sensitivity and specificity
in assessing advance fibrosis (70% and 93%, respectively) [25,26]. It has also showed an
acceptable performance (AUC > 0.80) in cirrhosis detection among NAFLD patients [27].
However, the use of FibroTest in autoimmune liver diseases is still uncertain.

APRI is another simple index that is calculated with two routinely available laboratory
tests: AST and Platelet (PLT) concentrations [21]. It is widely used for fibrosis assessment
in case of viral hepatitis, especially HBV (AUC = 0.74 for advanced fibrosis) and HCV
(AUC = 0.91 for cirrhosis) [28,29]. APRI also showed good accuracy in advanced fibrosis
detection among NAFLD patients (AUC = 0.66–0.76) [30,31]. Nevertheless, data concerning
APRI use in AIH are not favorable as many studies showed poor diagnostic accuracy of the
score in detecting advance fibrosis in autoimmune patients [32,33], although it seems to be
correlated to the liver fibrosis stage [34].

Similar considerations apply to the Fibrosis-4 Index. FIB-4 is based on four factors: age,
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and platelet. It is calcu-
lated using a relatively simple formula: (age [years] × AST [U/L])/(platelet [109/L])(ALT
[U/L])1/2) [35]. FIB-4 has been shown to be quite accurate in staging liver fibrosis in pa-
tients with viral hepatitis (AUC = 0.77–0.82) and NAFLD (AUC = 0.72–0.82) [28,31]. Instead,
the accuracy of FIB-4 in AIH is more controversial as it has shown mediocre sensitivity and
specificity [33].

Red cell distribution width to Platelet Ratio (RPR) is a novel index which considers
two laboratory tests: red blood cell distribution width and PLT count. The former reflects
variability rate of erythrocyte size and it is already considered a prognostic marker of
various medical conditions [36]. The latter has long been known to be decreased in liver
diseases, because of PLT sequestration [37], and it is included in various fibrosis scoring
systems, such as APRI and FIB-4 [21,35]. Thus, the combination of these two values has
been supposed to correlate with the fibrosis stage. RPR showed good diagnostic perfor-
mance in assessing significant and advanced fibrosis in the case of viral hepatitis [38,39].
Studies concerning AIH are still scarce. However, preliminary data by Li et al. have
indicated RPR as an accurate score for advance fibrosis assessment (AUC = 0.82) and as an
independent risk factor to predict advanced liver fibrosis in AIH patients (OR 95% CI = 2.65
(1.383–5.170)) [40]. Of course, further studies are needed to better evaluate the diagnostic
role of RPR and whether it can predict treatment response and long-term outcomes of AIH.

Therefore, though available scoring systems seem to be promising, few studies and
their small sample sizes do not permit conclusions to be drawn about their utility in patients
with AIH. Hence, EASL does not recommend the use of scoring systems in AIH clinical
practice [17]. Moreover, it is important to underline that the diagnostic scoring system
should be used to support the clinician in difficult cases and should not replace liver biopsy,
which remains the gold standard for the assessment of fibrosis.

3.3. Radiological Procedures

Rather than laboratory tests, radiological techniques are widely used in ordinary
practice. They are able to assess liver fibrosis based on ultrasound, magnetic resonance
imaging and elastography. No conventional characteristics for AIH-related liver fibrosis
have been described, as AIH imaging (described below) share features with other chronic
liver diseases [41]. Moreover, radiological findings in AIH have never been reported
systematically.
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3.3.1. Conventional Ultrasound

US allows visualization of liver parenchyma through sonographic features, and to
monitor fibrosis progression as well. In fact, US permits detection not only characteristic
changes in liver surface, such as nodularity and hepatomegaly, but it can also assess portal
vein patency, diameter, flow speed and direction, besides ascites and splenomegaly [42].

Among AIH patients, US is the fundamental principle of Hepatocellular Carcinoma
(HCC) surveillance. As 1–9% of cirrhotic patients develop HCC, both American and
European Liver Associations recommend a semiannual ultrasound surveillance in these
subjects [43]. Ultrasound is well accepted for this indication as it is a non-invasive, radiation-
free and cost-effective technique with high sensitivity and specificity (40–80% and 80–100%
respectively) [41].

However, conventional ultrasound is not adequate to detect early or moderately
advanced fibrosis. For this reason, other US techniques such as elastography are commonly
used in the diagnostic pathway.

3.3.2. Elastography

Elastography is a non-invasive method in which US is employed to estimate liver
stiffness (LF). The technique is based on the principle that US waves cross hard tissues
faster than soft ones. Therefore, measuring shear wave speed allows assessment of liver
fibrosis and even cirrhosis in patients with chronic liver disease [28,44,45]. Ultrasound
elastography includes three main procedures: point shear wave elastography (pSWE),
two-dimensional shear wave elastography (2D-SWE) and transient elastography (TE) [46].

In the former, SWE techniques compression and US waves are produced within hep-
atic tissues, while in TE a mechanical external impulse is used to generate them. Shear
wave speed in a single point of the liver is measured using pSWE and it acquires a grayscale
images of the organ. Indeed, 2D-SWE allows a wider hepatic area to be surveyed, bringing
the operator more accurate results with anatomic B-mode ultrasound images and elasto-
graphic color maps. In both methods, liver stiffness measures are expressed in kilopascals
(kPa). In patients affected by HBV, HCV and NAFLD, pSWE and 2D-SWE has shown high
sensitivity and specificity for each stage of liver fibrosis assessment, although 2D-SWE had
higher sensitivity for significant and advanced fibrosis [44,45,47].

Studies analysing diagnostic performance of pSWE and 2D-SWE in AIH are still
scarce, but preliminary results seem promising. A study conducted by Park et al. on 49
AIH patients showed moderate sensitivity and specificity of pSWE for significant fibrosis
(93.6% and 44.4%, respectively) and cirrhosis (63.6% and 86.8%) [48]. While analysis on a
larger sample of AIH patients by Xing et al. observed that 2D-SWE had good performance
in the assessment of liver fibrosis. In fact, liver stiffness had a strong correlation with the
histological fibrosis stage (r = 0.71, p < 0.0001) with AUC 0.84, 0.84, and 0.94 for detection
of significant fibrosis, severe fibrosis and cirrhosis, respectively. Calculated cut-off liver
stiffness values for predicting significant fibrosis, severe fibrosis and cirrhosis were 10.0,
15.8 and 19.3 kPa, respectively. Moreover, 2D-SWE diagnostic performance was higher
than that of other noninvasive serum biomarkers (APRI and FIB-4) [49]. Although necro-
inflammatory activity may represent a confounding factor in predicting liver fibrosis, in
this study it has no effect on liver stiffness measures of severe fibrosis and cirrhosis. In
contrast, another pediatric study carried out by Galina et al. observed a strong association
between liver stiffness and necro-inflammatory activity (p < 0.0001) in 33 pediatric AIH
patients [50]. Thus, the results are still contradictory and more studies are needed to better
understand this matter.

TE is the elastographic method most used in clinical practice. It is a novel technology
based on ultrasound and low frequency elastic waves for the assessment of liver stiffness
measurement (LSM) [51]. TE performance has been widely proven for many chronic liver
diseases. In viral hepatitis, TE showed good diagnostic accuracy among HBV patients, with
AUC = 0.82 for significant fibrosis and AUC = 0.91 for cirrhosis assessment [52]. Similar
outcomes have been reported for HCV, where TE also showed a valid diagnostic accuracy
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for liver fibrosis staging [53,54]. Use of TE is also functional among NAFLD patients because
of its good performance in both fibrosis and steatosis detection (AUC = 0.85 for advanced
fibrosis and AUC = 79 for severe steatosis) [55,56]. Moreover, the large meta-analysis by
Shi et al. proposed TE measurement as a predictor of chronic liver disease complications.
In particular, TE had a valid diagnostic prediction for significant portal hypertension, with
90% sensitivity, 79% specificity and LS cut-off values in the range 13.6–34.9 kPa. Whereas
performance for oesophageal varices prediction resulted in less precision (AUC = 0.84) [57].

Because of its widespread use in clinical practice, studies considering TE in AIH are
more numerous. In a recent systematic review, Wu et al. showed that TE performed
better than other non-invasive techniques, such as APRI and FIB-4, in detecting liver
fibrosis among AIH patients. Moreover, TE had a good performance for fibrosis staging,
with AUC = 0.90, 0.91 and 0.89 for significant fibrosis, advanced fibrosis and cirrhosis,
respectively [32]. Another survey carried out by Guo et al. observed that staging cut-off
values in AIH patients were not the same as those of other liver diseases. In fact, stage F2
had LSM cut-off of 6.27 kPa, F3 of 8.18 kPa and F4 of 12.67 kPa [58].

The timing for performing TE may also influence its accuracy. Indeed, TE had a better
diagnostic performance in AIH patients who have been on long-term therapy than those
who received a shorter treatment or none [59]. This fact can be due to higher levels of liver
inflammation during the first months of disease, which are known to impact on stiffness
measures [59]. Usually, inflammatory activity with high levels of aminotransferases can
influence liver stiffness values, which can overestimate fibrosis readings in TE: The higher
the grade of inflammation, the greater the influence on LS values [60]. Therefore, this
problem is more notable in case of acute or fulminant viral hepatitis and during the early
phase of any chronic liver disease. Although in available studies, it is rarely reported that
hepatic inflammatory activity had a significant effect on LSM determination, Janik et al.
tried to resolve this bias. According to their preliminary results, the combination of liver
and spleen elastography may help in improving the diagnostic performance by reducing
the inflammation bias [61].

Diagnostic accuracy of TE can also be compromised by being viscerally overweight
and obese [46]. In order to avoid such difficulties, elastography can be performed using
an extra-large (XL) probe. An XL probe allows improved reliability and validity of LSM
among obese subjects, with overlapping results of normal weight ones [62]. Similarly, food
ingestion prior to TE may alter measurement readings, increasing liver stiffness regardless
of fibrosis state. Thus, it is recommended TE is performed at least 120 min after the last
meal [63].

In conclusion, TE has been demonstrated to be a clever non-invasive method for
fibrosis assessment in AIH. It is reproducible, rapid and easy to perform, minimally invasive
and well tolerated by patients. Moreover, cost-effectiveness analysis has indicated TE as a
valid alternative to liver biopsy, which allows a saving of up to $14.000/year for patients [64].
For all these reasons, EASL recommends the use of TE (together with transaminases and
IgG) to monitor AIH course and stage liver fibrosis in patients on at least 6 months of
therapy [17].

3.3.3. Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a non-invasive imaging technology able to
produce 3D anatomical images through magnetism principles. MRI sequentially employs
powerful magnets and radiofrequency currents to stimulate protons present in the human
body, while some sensors detect the energy released by protons themselves. As MRI
scanners do not require ionizing radiation, it is considered quite a safe procedure and it is
largely used for the detection of various diseases and for treatment monitoring [65].

In the hepatological field, the most commonly used MRI-based techniques are mag-
netic resonance elastography (MRE) and magnetic resonance spectroscopy (MRS).

MRE combines magnetic resonance technology with low-frequency vibrations in order
to create an elastogram showing liver tissues stiffness. Several studies have confirmed
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its good diagnostic accuracy for fibrosis assessment among NAFLD patients (AUC = 0.91
for advanced fibrosis), which was even better than that of TE [44,66]. Similar data were
obtained for viral hepatitis, with MRE AUC = 0.94 and 0.97 for advanced fibrosis and
cirrhosis, respectively [28]. The good performance of MRE in other chronic liver diseases
has stimulated its evaluation for AIH, too. Available data are based on small surveys, but
preliminary results seem promising. In fact, Wang et al. observed that MRE had superior
accuracy compared to other non-invasive laboratory tests in advanced fibrosis and cirrhosis
detection, with good sensitivity and specificity (89–92% and 96–100%, respectively) [67].
Moreover, according to a recent systematic review, MRE accuracy is not influenced by liver
inflammation, either in treated or untreated patients [32]. Further studies on larger cohorts
are required to confirm these data. MRE could thus develop into a new alternative for liver
fibrosis assessment and staging in AIH.

MRS is a spectroscopic technique which allows observation of local magnetic fields
around atoms. As liver cell membranes are composed of phospholipids, the analysis of
phosphorus (31P) magnetic fields can be used to study hepatocytes state. The 31P-MRS
have been experienced in various liver diseases, such as HCV and NAFLD, where it results
have shown promise in assessing both fibrosis and inflammation states [68,69]. Recently,
Puustinen et al. tested this technique among AIH patients [70]. Despite the small sample
size (only 12 subjects), they observed that several phosphorus metabolites (e.g., phospho-
enolpuryvate, phosphoethanolamine/phosphocholine ratio) correlated with inflammation
grade, hepatitis activity and immunoglobulins levels, engendering a differentiation be-
tween patients with and without active inflammation possible. Moreover, 31P-MRS was
able to detect advanced fibrosis and to diversify fibrosis stages, which can be useful for
disease monitoring.

In conclusion, recent studies showed that both MRE and MRS are promising non-
invasive methods for fibrosis assessment in AIH. However, further investigations are
needed to evaluate their diagnostic accuracy in wider populations and to estimate the cost
of their enhanced use. In fact, MRI-based techniques presently have limited availability in
the clinical setting, because of their high cost and need for highly qualified staff.

3.3.4. Computed Tomography

Computed tomography (CT) is a procedure that combines a series of X-ray images
taken from different body angles in order to create a cross-sectional image (slice). Therefore,
abdominal TC scan allows visualization of internal organs and their morphological findings.

In the hepatological field, although CT has shown effectiveness in assessing advanced
liver fibrosis states, it was less accurate in cases of mild fibrosis [71,72]. For this reason, CT
is mainly used among cirrhotic patients, where it allows precise detection of signs of portal
hypertension, enlargement of portal vein, presence of collateral circles and esophageal
varices [73]. CT has also shown good diagnostic accuracy in HCC detection. However, it is
not recommended for routine surveillance as compared to US as it is more expensive and
less safe (because of ionizing radiation exposure) [74]. Nevertheless, specific studies on
AIH patients are still lacking.

4. Fibrosis Treatment

The goal of AIH treatment is to suppress fibrotic and inflammatory liver activities to
impede the progression of the disease and to achieve a complete remission [75]. Therapeutic
pathway can be divided into two phases (induction and maintenance), while remission is
defined by the absence of clinical symptoms and the achievement of normal transaminases
level [76]. The main diagnostic-therapeutic algorithm of AIH is summarized in Figure 2.
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4.1. First-Line Therapies

Recommended first-line therapy for AIH patients includes the combination of two
principles: an anti-inflammatory (prednisolone) and an immunosuppressive (azathioprine—
AZA) [11]. American Guidelines recommend starting with administration of both molecules,
while European ones suggest introducing AZA 2 weeks after corticosteroids [11,77]. After
4 weeks of induction therapy, a maintenance phase can be achieved with a fixed dose of
prednisolone (10 mg/day) and AZA (10 mg/day) until transaminases level normaliza-
tion [77]. Treatment should be continued for at least 3 years and for at least 24 months
after biochemical remission. Histological resolution is normally achieved after reaching the
biochemical endpoint [78].

However, relapses are quite frequent, and they usually occur in the first 12 months
after stopping the treatment. Relapse is defined by the elevation of ALT > 3 times ULN
and it does not require a histological confirmation. In order to re-induce remission, the
standard AIH therapy (prednisolone + AZA) is also used among relapsed patients [11,79].
Not all patients respond to standard treatment and side effects can be seen in those who
respond to the therapy.

Steroids induce a great deal of adverse effects, which range from cosmetic changes
to diabetes, psychosis, hypertension, and osteoporosis. Although the association with
AZA seems to lower the occurrence of side effects [80], EASL Guidelines suggest replacing
prednisolone with budesonide in patients with present or expected adverse events.

EALS guidelines suggest replacing prednisolone with budesonide at a starting dose
of 9 mg/die in patients with expected side effects. Manns et al. found a reduction in side
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effects caused by steroid use in the group treated with budesonide (26.0% vs. 51.5%) [81].
Furthermore, budesonide induced a much higher remission rate in this cohort of patients
compared to prednisolone [81], even if it was ineffective in the presence of cirrhosis [82].
Thus, in prednisolone responders with side effects, a switch to budesonide can be consid-
ered; otherwise, it can be possible to administer high doses of AZA (2 mg/kg).

AZA intolerance is rarer, and it is frequently associated with cirrhosis. Side effects
include arthralgias, fever, skin rash and pancreatitis. In case of AZA intolerance, the
substitution with Mycophenolate mofetil (MMF) is recommended [11,83].

In contrast, non-responders are characterized by a reduction of transaminases below
25% after 2 weeks treatment. Non-responsiveness can vary from incomplete to null re-
sponse. Fortunately, null-responders (with or without immediate severity) are quite rare.
In the case of liver failure, prognosis is poor and overall mortality ranges from 19% to 45%;
otherwise, increased dosages of standard therapy or alternative immunosuppression may
be used [11]. Instead, patients with clinical, biochemical and histological improvements
but no complete resolution (abnormal liver enzymes or interface hepatitis on a liver biopsy)
are defined as incomplete responders. In this case, if the increased dosage of prednisolone
and AZA does not prove effective, a second line therapy should be started.

4.2. Second-Line Therapies

Recommended second-line drug for AIH patients includes mycofenolate mofetil
(MMF) [84]. MMF is a non-competitive inhibitor of inosine monophosphate dehydroge-
nase, an important rate-limiting enzyme in purine synthesis, and it has anti-T and -B cell
effects [85]. Guidelines recommend 1 g of MMF twice daily, gradually increased from a
starting dose of 500 mg twice daily to improve drug tolerance [86]. In the case of AZA
intolerance, MMF in combination with prednisolone induces an effective response (rate
from 43% to 88%) and rare side effects [83,87]. When reported, adverse effects include
gastrointestinal symptoms, impaired wound healing and teratogenicity (in fact its use is
strictly contraindicated in pregnancy) [88].

A recent meta-analysis shows that MMF treatment is effective and safe even in naïve
AIH patients, with higher remission rates of aminotransferase and IGG levels and lower
non-response rates than standard therapy [89]. However, the cost of MMF still limits the
use of the drug [88].

4.3. Third-Line Therapies

If the second-line treatment is ineffective, difficult to treat patients can resort to third-
line drugs, which include: calcineurin inhibitors (Cyclosporina A, Tacrolimus), mTOR
inhibitors (Everolimus) and monoclonal antibodies (Rituximab, Infliximab) [84]. Cal-
cineurin inhibitors (CIN) act by suppressing T reg activation and IL-2 production. The most
used CIN are Cyclosporine A and Tacrolimus, which seem to be effective in refractory AIH
patients [90].

Cyclosporine treatment (2–3 mg/kg/day) showed a high biochemical response rate
(>80%). However, it has been tested in only a few studies, with limited sample size
and brief trial duration [91,92]. Side effects include nephrotoxicity, neurotoxicity and
higher risk of infection. Some authors have even suggested that Cyclosporine A might
promote autoimmunity and may have a more immunosuppressive than anti-inflammatory
capacity [93,94]. For these reasons, Cyclosporine A is recommended as an alternative
therapy when there is no response to AZA and steroids [95].

More data are available for Tacrolimus. Several studies have shown that Tacrolimus
therapy (0.1 mg/kg/twice day) could induce biochemical and histologic improvement
in patients with steroid refractory AIH [96]. Although its effect is more powerful than
Cyclosporina, it is often not sufficient to achieve full remission [84]. However, its fair efficacy
and reduced nephrotoxicity make Tacrolimus a valid alternative to standard AIH therapy.

mTOR is an intracellular kinase involved in cell proliferation, motility and survival.
Data concerning mTOR inhibitors (such as Everolimus) are scarce and limited to case
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series [84]. Their role in AIH must yet be explored but preliminary outcomes are promising
for refractory disease [97].

Third-line therapies also include two monoclonal antibodies: Rituximab and Inflix-
imab. They have been recently used in patients with refractory or difficult to treat AIH [98].
Rituximab induces depletion of B cells, which are involved in antigen presentation and T
cell suppression [99] while Infliximab acts against the proinflammatory cytokine tumor
necrosis factor alpha (TNF-α). Side effects of these monoclonal antibodies include hepa-
totoxicity and other immune-mediated disorders [100]. Thus, further studies are needed
to establish safety profiles, dosage guidelines and monitoring strategies. For the moment,
their use is recommended only in specialized centers with considerable experience in AIH
therapy and monitoring.

4.4. New Therapeutic Perspectives

Recently, scientific research has focused on novel alternative medication for AIH. Some
of these are described below.

4.4.1. Pharmacological Agents in Development

Several novel drugs for AIH have been developed, but their efficacy is still under
investigation.

JBK-122: This molecule has anti-inflammatory properties as it is an antagonist of toll-
like receptor 4 (TLR4) involved in the production of proinflammatory cytokines. JBK-122
seems to be effective both alone and in combination with steroids. It is currently being
employed in a phase 2 study in adults which are intolerant, refractory or ineligible for
standard therapy [101,102]. The primary outcome of the study is to assess changes in ALT
after 24 weeks of treatment.

VAY736: It is a human IgG1 monoclonal antibody. Its target is the B cell activating
factor (BAFF), which is a regulator of B cell maturation and survival [103]. As previous
investigations observed high BAFF levels in patients with AIH, some trials are now ongoing
to assess the effect of VAY736 as an innovative therapy [102,104].

Interleukin-2 (IL-2): Former studies showed that IL-2 deficiency can lead to increased
susceptibility to Treg apoptosis. Thus, exogenous administration (TRANSREG) may protect
Treg from this process [105]. It is currently employed in a phase 2 clinical study that
assesses the safety and efficacy in 12 autoimmune diseases, including AIH [103]. The
primary outcome of the study is to evaluate the change in percentage of Treg on the eighth
day compared to baseline.

Adoptive Treg cell transfer (ACT): Treg cells are involved in the control of immune
response through several mechanisms [106]. However, quantitative and qualitative Treg
deficiencies have been found in AIH patients. ACT is an innovative therapy in which autolo-
gous immune cells are modified before being reintroduced in the patient. A phase 1 clinical
trial in children and adult with moderate disease and on standard therapy is ongoing [102].
The primary outcome of the study is biochemical and immunological remission.

4.4.2. Antioxidants

As the goal of AIH treatment is to reduce liver fibrosis, many new therapeutics act by
suppressing inflammatory activities.

Oxidative stress is higher among AIH patients than in the general population, and it
promotes the deposition of ECM. However, antioxidants compounds are known to reduce
ROS production, thus leading to a decrease in cell apoptosis and inflammation [4].

Vitamin D is widely known for its anti-inflammatory and antioxidant properties. Re-
cent rat models showed that it has also a role in liver fibrogenesis. In fact, vitamin D inhibits
HSCs proliferation and their conversion into myofibroblasts. It also suppresses the expres-
sion of genes that promote collagen production, hence reducing ECM expansion [107,108].
Therefore, it is not surprising that vitamin D deficiency has been associated with advanced
fibrosis and severe interface hepatitis [109].
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Epidemiological investigations have revealed that serum 25-hydroxyvitamin D con-
centration was frequently low among AIH patients [109]. This fact was primarily due to
the impaired hydroxylation of vitamin intermediate metabolites by the damaged liver, but
also other factors (e.g., reduced sunlight exposure, advanced age) may contribute.

This substantial scientific background seemed to support the use of vitamin D supple-
mentation in AIH patients. However, clinical trials investigating the effect of vitamin D
among AIH patient are scarce and a recent systematic review stated there is not enough
evidence to determine whether its supplementation has any beneficial, harmful or neutral
effect on chronic liver diseases [110].

Besides vitamin D, many other antioxidant compounds have been investigated. Among
them, zinc supplementation showed promising results. In fact, in a recent study conducted
by Moriya et al. on 38 AIH patients, zinc supplementation induced the improvement of
serum fibrotic biomarkers (MMPs, TIMs) [111]. However, these data are in contrast with
those of a larger meta-analysis, where the authors concluded that zinc did not provide
benefits in patients affected by chronic liver diseases [112]. Although nearly one third of
patients take a multivitamin supplementation after AIH diagnosis, there is still no evidence
to recommend it [113].

4.4.3. Gut Microbiota Modification

Recently, scientific attention has focused on intestinal microbiota in order to evaluate
its relationship with AIH and therefore its possible role in the disease treatment. The
contribution of gut microbiota in AIH onset and progression was confirmed by the finding
of dysbiosis among AIH patients. In fact, compared to the general population, the micro-
biota of these subjects was characterized by low biodiversity and decreased anaerobes and
Bifidobacterium species concentration [114,115].

A few preclinical studies tested the effect of eubiosis restoration on liver injury and
inflammation with promising results. Both the use of probiotics and short-chain fatty acids
seemed to facilitate AIH remission in rat models, but these data need to be confirmed in
further clinical trials [116–118].

4.4.4. Epigenetic Regulation

The search for new therapeutic strategies for AIH has also considered the epigenetic
remodeling occurring in this disease. As diverse miRNAs are involved in the inflammatory
pathways, the modulation of their expression may be effective in leading to a reduction
in liver fibrosis, too. Several preclinical trials have recently confirmed this hypothesis. Ke
et al. observed that the inhibition of miR-375 decreased apoptosis in Kupffer liver cells,
while Wang and colleagues noted that downregulating miR-138 improved immune status
in AIH mice [119,120]. The decreased apoptosis of Kupffer cells and the improvement of
the immune status can lead to a reduction in liver fibrosis.

Instead, miR-143 is notably involved in inflammation and fibrosis by regulating the
TGF-β-activated kinase 1 (TAK1) phosphorylation. Thus, TAK1 may become a good target
for future genetic therapies against fibrogenesis [121]. Obviously, clinical application of
possible TAK1 inhibitors requires further studies and, especially, the presence of both
miRNA-143 and TAK1 in humans needs to be investigated. Epigenetic regulation of liver
fibrosis in the AIH context through miRNAs, as well as other epigenetic actors such as DNA
methylation, histone modification, noncoding RNAs (ncRNAs) and N6-methyladenosine
(m6A) modification, seems a promising innovative strategy [122].

5. Conclusions and Future Perspectives

The knowledge of the pathobiology of liver fibrosis has significantly advanced during
recent years. However, further investigations are still necessary to develop new technology
for both early fibrosis assessment and treatment. Key challenges regard determining the
pivotal molecular changes or patterns associated with AIH, understanding the complex
interaction among genes and gene networks involved in promoting the disease and fibrotic
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outcome, finding biomarkers for early disease detection in order to develop, in a timely way,
therapeutic interventions that restore homeostatic balance without significant side effects.

Author Contributions: Conceptualization, R.P. and M.D.; literature analysis, A.F., F.C. and S.M.;
writing—original draft preparation, A.F., F.C. and S.M.; writing—review and editing, S.F. and R.P.;
supervision, M.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We apologize to all the investigators whose important works have not been cited.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gatselis, N.K.; Zachou, K.; Koukoulis, G.K.; Dalekos, G.N. Autoimmune hepatitis, one disease with many faces: Etiopathogenetic,

clinico-laboratory and histological characteristics. World J. Gastroenterol. 2015, 21, 60. [CrossRef] [PubMed]
2. Komori, A. Recent updates on the management of autoimmune hepatitis. Clin. Mol. Hepatol. 2021, 27, 58. [CrossRef] [PubMed]
3. Strassburg, C.P. Autoimmune hepatitis. Best Pract. Res. Clin. Gastroenterol. 2010, 24, 667–682. [CrossRef] [PubMed]
4. Pemberton, P.W.; Aboutwerat, A.; Smith, A.; Burrows, P.C.; McMahon, R.F.; Warnes, T.W. Oxidant stress in type I autoimmune

hepatitis: The link between necroinflammation and fibrogenesis? Biochim. Biophys. Acta 2004, 1689, 182–189. [CrossRef] [PubMed]
5. Czaja, A.J. Hepatic inflammation and progressive liver fibrosis in chronic liver disease. World J. Gastroenterol. 2014, 20, 2515–2532.

[CrossRef] [PubMed]
6. Schuppan, D.; Ashfaq-Khan, M.; Yang, A.T.; Kim, Y.O. Liver fibrosis: Direct antifibrotic agents and targeted therapies. Matrix Biol.

2018, 68, 435–451. [CrossRef]
7. Montano-Loza, A.J.; Thandassery, R.B.; Czaja, A.J. Targeting hepatic fibrosis in autoimmune hepatitis. Dig. Dis. Sci. 2016, 61,

3118–3139. [CrossRef]
8. Seki, E.; Schwabe, R.F. Hepatic inflammation and fibrosis: Functional links and key pathways. Hepatology 2015, 61, 1066–1079.

[CrossRef]
9. Saiman, Y.; Friedman, S.L. The role of chemokines in acute liver injury. Front. Physiol. 2012, 3, 213. [CrossRef]
10. Altamirano-Barrera, A.; Barranco-Fragoso, B.; Méndez-Sánchez, N. Management strategies for liver fibrosis. Ann. Hepatol. 2017,

16, 48–56. [CrossRef]
11. Lohse, A.W.; Chazouilleres, O.; Dalekos, G.; Drenth, J.; Heneghan, M.; Hofer, H. EASL clinical practice guidelines: Autoimmune

hepatitis. J. Hepatol. 2015, 63, 971–1004.
12. Sebode, M.; Hartl, J.; Vergani, D.; Lohse, A.W.; International Autoimmune Hepatitis Group. Autoimmune hepatitis: From current

knowledge and clinical practice to future research agenda. Liver Int. 2018, 38, 15–22. [CrossRef] [PubMed]
13. Alvarez, F.; Berg, P.; Bianchi, F.; Bianchi, L.; Burroughs, A.; Cancado, E.; Chapman, R.; Cooksley, W.; Czaja, A.; Desmet, V.; et al.

International Autoimmune Hepatitis Group Report: Review of criteria for diagnosis of autoimmune hepatitis. J. Hepatol. 1999, 31,
929–938. [CrossRef] [PubMed]

14. Kessler, W.R.; Cummings, O.W.; Eckert, G.; Chalasani, N.; Lumeng, L.; Kwo, P.Y. Fulminant hepatic failure as the initial
presentation of acute autoimmune hepatitis. Clin. Gastroenterol. Hepatol. 2004, 2, 625–631. [CrossRef] [PubMed]

15. Yasui, S.; Fujiwara, K.; Yonemitsu, Y.; Oda, S.; Nakano, M.; Yokosuka, O. Clinicopathological features of severe and fulminant
forms of autoimmune hepatitis. J. Gastroenterol. 2011, 46, 378–390. [CrossRef]

16. Stravitz, R.T.; Lefkowitch, J.H.; Fontana, R.J.; Gershwin, M.E.; Leung, P.S.C.; Sterling, R.K.; Manns, M.P.; Norman, G.L.; Lee, W.M.;
the Acute Liver Failure Study Group. Autoimmune acute liver failure: Proposed clinical and histological criteria. Hepatology 2011,
53, 517–526. [CrossRef]

17. Panel, C.P.G.; Berzigotti, A.; Tsochatzis, E.; Boursier, J.; Castera, L.; Cazzagon, N.; European Association for the Study of the Liver.
EASL Clinical Practice Guidelines on non-invasive tests for evaluation of liver disease severity and prognosis–2021 update. J.
Hepatol. 2021, 75, 659–689.

18. Tsikrikoni, A.; Kyriakou, D.S.; Rigopoulou, E.I.; Alexandrakis, M.G.; Zachou, K.; Passam, F.; Dalekos, G.N. Markers of cell
activation and apoptosis in bone marrow mononuclear cells of patients with autoimmune hepatitis type 1 and primary biliary
cirrhosis. J. Hepatol. 2005, 42, 393–399. [CrossRef]

19. Sakaguchi, K.; Kitano, M.; Nishimura, M.; Senoh, T.; Ohta, T.; Terao, M.; Shinji, N.; Koide, N.; Tsuji, T. Serum level of transforming
growth factor-beta1 (TGF-beta1) and the expression of TGF-beta receptor type II in peripheral blood mononuclear cells in patients
with autoimmune hepatitis. Hepato-Gastroenterol. 2004, 51, 1780–1783.

http://doi.org/10.3748/wjg.v21.i1.60
http://www.ncbi.nlm.nih.gov/pubmed/25574080
http://doi.org/10.3350/cmh.2020.0189
http://www.ncbi.nlm.nih.gov/pubmed/33291862
http://doi.org/10.1016/j.bpg.2010.07.011
http://www.ncbi.nlm.nih.gov/pubmed/20955969
http://doi.org/10.1016/j.bbadis.2004.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15276644
http://doi.org/10.3748/wjg.v20.i10.2515
http://www.ncbi.nlm.nih.gov/pubmed/24627588
http://doi.org/10.1016/j.matbio.2018.04.006
http://doi.org/10.1007/s10620-016-4254-7
http://doi.org/10.1002/hep.27332
http://doi.org/10.3389/fphys.2012.00213
http://doi.org/10.5604/16652681.1226814
http://doi.org/10.1111/liv.13458
http://www.ncbi.nlm.nih.gov/pubmed/28432836
http://doi.org/10.1016/S0168-8278(99)80297-9
http://www.ncbi.nlm.nih.gov/pubmed/10580593
http://doi.org/10.1016/S1542-3565(04)00246-0
http://www.ncbi.nlm.nih.gov/pubmed/15224287
http://doi.org/10.1007/s00535-010-0316-3
http://doi.org/10.1002/hep.24080
http://doi.org/10.1016/j.jhep.2004.11.023


J. Clin. Med. 2023, 12, 1979 14 of 18

20. Li, Y.S.; Ni, S.Y.; Meng, Y.; Shi, X.L.; Zhao, X.W.; Luo, H.H.; Li, X. Angiotensin II facilitates fibrogenic effect of TGF-β1 through
enhancing the down-regulation of BAMBI caused by LPS: A new pro-fibrotic mechanism of angiotensin II. PLoS ONE 2013,
8, e76289. [CrossRef]

21. Wai, C.T.; Greenson, J.K.; Fontana, R.J.; Kalbfleisch, J.D.; Marrero, J.A.; Conjeevaram, H.S.; Lok, A.S.F. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology 2003, 38, 518–526. [CrossRef]
[PubMed]

22. Bowlus, C.L.; Patel, K.; Guha, I.N.; Chapman, R.W.; Chazouilleres, O.; Chalasani, N.P.; Vierling, J.M.; Myers, R.P.; Ding, D.; Schall,
R.E.A.; et al. Validation of serum fibrosis marker panels in patients with primary sclerosing cholangitis (PSC) in a randomized
trial of simtuzumab. Hepatology 2015, 62, 519a.

23. Tadokoro, T.; Morishita, A.; Masaki, T. Diagnosis and therapeutic management of liver fibrosis by MicroRNA. Int. J. Mol. Sci.
2021, 22, 8139. [CrossRef] [PubMed]

24. Fagoonee, S.; Arigoni, M.; Manco, M.; Olivero, M.; Bizzaro, F.; Magagnotti, C.; Andolfo, A.; Miniscalco, B.; Forni, M.; Todeschi, S.;
et al. Circulating extracellular vesicles contain liver-derived RNA species as indicators of severe cholestasis-induced early liver
fibrosis in mice. Antioxid. Redox Signal. 2022, 36, 480–504. [CrossRef] [PubMed]

25. Houot, M.; Ngo, Y.; Munteanu, M.; Marque, S.; Poynard, T. Systematic review with meta-analysis: Direct comparisons of
biomarkers for the diagnosis of fibrosis in chronic hepatitis C and B. Aliment. Pharmacol. Ther. 2016, 43, 16–29. [CrossRef]
[PubMed]

26. Poynard, T.; de Ledinghen, V.; Zarski, J.P.; Stanciu, C.; Munteanu, M.; Vergniol, J.; France, J.; Trifan, A.; Le Naour, G.; Vaillant, J.C.;
et al. Relative performances of FibroTest, Fibroscan, and biopsy for the assessment of the stage of liver fibrosis in patients with
chronic hepatitis C: A step toward the truth in the absence of a gold standard. J. Hepatol. 2012, 56, 541–548. [CrossRef] [PubMed]

27. Vali, Y.; Lee, J.; Boursier, J.; Spijker, R.; Verheij, J.; Brosnan, M.; Anstee, Q.; Bossuyt, P.; Zafarmand, M.; on behalf of the LITMUS
Systematic Review Team. FibroTest for evaluating fibrosis in non-alcoholic fatty liver disease patients: A systematic review and
meta-analysis. J. Clin. Med. 2021, 10, 2415. [CrossRef]

28. Dong, B.; Lyu, G.; Chen, Y.; Lin, G.; Wang, H.; Qin, R.; Gu, J. Comparison of two-dimensional shear wave elastography, magnetic
resonance elastography, and three serum markers for diagnosing fibrosis in patients with chronic hepatitis B: A meta-analysis.
Expert Rev. Gastroenterol. Hepatol. 2021, 15, 1077–1089. [CrossRef]

29. El Serafy, M.A.; Kassem, A.M.; Omar, H.; Mahfouz, M.S.; Maissa El Said, E.L. APRI test and hyaluronic acid as non-invasive
diagnostic tools for post HCV liver fibrosis: Systematic review and meta-analysis. Arab. J. Gastroenterol. 2006, 18, 51–57. [CrossRef]

30. Durazzo, M.; Marzari, L.; Bonetto, S.; Ferro, A.; Ghigo, M.C.; Belci, P.; Collo, A.; Fagoonee, S. Noninvasive diagnosis of fibrosis
in non-alcoholic fatty liver disease: Diagnostic accuracy of different scores. Minerva Gastroenterol. Dietol. 2020, 66, 301–306.
[CrossRef]

31. Ismaiel, A.; Leucuta, D.C.; Popa, S.L.; Fagoonee, S.; Pellicano, R.; Abenavoli, L.; Dumitrascu, D.L. Non-invasive biomarkers in
predicting non-alcoholic steatohepatitis and assessing liver fibrosis: Systematic review and meta-analysis. Panminerva Med. 2021,
63, 508–518. [CrossRef] [PubMed]

32. Wu, S.; Yang, Z.; Zhou, J.; Zeng, N.; He, Z.; Zhan, S.; Jia, J.; You, H. Systematic review: Diagnostic accuracy of non-invasive tests
for staging liver fibrosis in autoimmune hepatitis. Hepatol. Int. 2019, 13, 91–101. [CrossRef] [PubMed]

33. Dong, B.; Chen, Y.; Lyu, G.; Yang, X. Aspartate Aminotransferase to Platelet Ratio Index and Fibrosis-4 Index for Detecting Liver
Fibrosis in Patients With Autoimmune Hepatitis: A Meta-Analysis. Front. Immunol. 2022, 13, 892454. [CrossRef] [PubMed]

34. Yuan, X.; Duan, S.Z.; Cao, J.; Gao, N.; Xu, J.; Zhang, L. Noninvasive inflammatory markers for assessing liver fibrosis stage in
autoimmune hepatitis patients. Eur. J. Gastroenterol. Hepatol. 2019, 31, 1467. [CrossRef] [PubMed]

35. Vallet-Pichard, A.; Mallet, V.; Nalpas, B.; Verkarre, V.; Nalpas, A.; Dhalluin-Venier, V.; Fontaine, H.; Pol, S. FIB-4: An inexpensive
and accurate marker of fibrosis in HCV infection. Comparison with liver biopsy and fibrotest. Hepatology 2007, 46, 32–36.
[CrossRef] [PubMed]

36. Ai, L.; Mu, S.; Hu, Y. Prognostic role of RDW in hematological malignancies: A systematic review and meta-analysis. Cancer Cell
Int. 2018, 18, 61. [CrossRef] [PubMed]

37. Iida, H.; Kaibori, M.; Matsui, K.; Ishizaki, M.; Kon, M. Ratio of mean platelet volume to platelet count is a potential surrogate
marker predicting liver cirrhosis. World J. Hepatol. 2018, 10, 82–87. [CrossRef]

38. Chen, M.; Wu, Z.; Du, Z.; Sun, S.; Wu, J.; Luo, J. Diagnostic accuracy of red blood cell distribution width to platelet ratio for
predicting liver fibrosis in patients with chronic hepatitis B: A meta-analysis. Gastroenterol. Hepatol. 2022, 45, 361–372. [CrossRef]

39. Gozdas, H.T.; Ince, N. Elevated mean platelet volume to platelet ratio predicts advanced fibrosis in chronic hepatitis C. Eur. J.
Gastroenterol. Hepatol. 2020, 32, 524–527. [CrossRef]

40. Li, X.; Xu, H.; Gao, P. Red blood cell distribution width-to-platelet ratio and other laboratory indices associated with severity of
histological hepatic fibrosis in patients with autoimmune hepatitis: A retrospective study at a single center. Med. Sci. Monit. 2020,
26, e927946-1. [CrossRef]

41. Malik, N.; Venkatesh, S.K. Imaging of autoimmune hepatitis and overlap syndromes. Abdom. Radiol. 2017, 42, 19–27. [CrossRef]
[PubMed]

42. Di Lelio, A.; Cestari, C.; Lomazzi, A.; Beretta, L. Cirrhosis: Diagnosis with sonographic study of the liver surface. Radiology 1989,
172, 389–392. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0076289
http://doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/12883497
http://doi.org/10.3390/ijms22158139
http://www.ncbi.nlm.nih.gov/pubmed/34360904
http://doi.org/10.1089/ars.2021.0023
http://www.ncbi.nlm.nih.gov/pubmed/34779230
http://doi.org/10.1111/apt.13446
http://www.ncbi.nlm.nih.gov/pubmed/26516104
http://doi.org/10.1016/j.jhep.2011.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21889468
http://doi.org/10.3390/jcm10112415
http://doi.org/10.1080/17474124.2021.1880894
http://doi.org/10.1016/j.ajg.2017.05.005
http://doi.org/10.23736/S1121-421X.20.02753-1
http://doi.org/10.23736/S0031-0808.20.04171-3
http://www.ncbi.nlm.nih.gov/pubmed/33165307
http://doi.org/10.1007/s12072-018-9907-5
http://www.ncbi.nlm.nih.gov/pubmed/30443702
http://doi.org/10.3389/fimmu.2022.892454
http://www.ncbi.nlm.nih.gov/pubmed/35663945
http://doi.org/10.1097/MEG.0000000000001437
http://www.ncbi.nlm.nih.gov/pubmed/31107735
http://doi.org/10.1002/hep.21669
http://www.ncbi.nlm.nih.gov/pubmed/17567829
http://doi.org/10.1186/s12935-018-0558-3
http://www.ncbi.nlm.nih.gov/pubmed/29713244
http://doi.org/10.4254/wjh.v10.i1.82
http://doi.org/10.1016/j.gastrohep.2021.10.001
http://doi.org/10.1097/MEG.0000000000001599
http://doi.org/10.12659/MSM.927946
http://doi.org/10.1007/s00261-016-1019-x
http://www.ncbi.nlm.nih.gov/pubmed/27999888
http://doi.org/10.1148/radiology.172.2.2526349
http://www.ncbi.nlm.nih.gov/pubmed/2526349


J. Clin. Med. 2023, 12, 1979 15 of 18

43. Czaja, A.J. Hepatocellular carcinoma and other malignancies in autoimmune hepatitis. Dig. Dis. Sci. 2013, 58, 1459–1476.
[CrossRef] [PubMed]

44. Selvaraj, E.A.; Mózes, F.E.; Jayaswal, A.N.A.; Zafarmand, M.H.; Vali, Y.; Lee, J.A.; Levick, C.K.; Young, L.A.J.; Palaniyappan, N.;
Liu, C.-H.; et al. Diagnostic accuracy of elastography and magnetic resonance imaging in patients with NAFLD: A systematic
review and meta-analysis. J. Hepatol. 2021, 75, 770–785. [CrossRef] [PubMed]

45. Herrmann, E.; de Lédinghen, V.; Cassinotto, C.; Chu, W.C.W.; Leung, V.Y.F.; Ferraioli, G.; Filice, C.; Castera, L.; Vilgrain, V.;
Ronot, M.; et al. Assessment of biopsy-proven liver fibrosis by two-dimensional shear wave elastography: An individual patient
data-based meta-analysis. Hepatology 2018, 67, 260–272. [CrossRef]

46. Dietrich, C.F.; Bamber, J.; Berzigotti, A.; Bota, S.; Cantisani, V.; Castera, L.; Cosgrove, D.; Ferraioli, G.; Friedrich-Rust, M.; Gilja,
O.H.; et al. EFSUMB guidelines and recommendations on the clinical use of liver ultrasound elastography, update 2017. Ultraschall
Med. 2017, 38, e16–e47.

47. Zhou, X.; Rao, J.; Wu, X.; Deng, R.; Ma, Y. Comparison of 2-D shear wave elastography and point shear wave elastography for
assessing liver fibrosis. Ultrasound Med. Biol. 2021, 47, 408–427. [CrossRef]

48. Park, D.W.; Lee, Y.J.; Chang, W.; Park, J.H.; Lee, K.H.; Kim, Y.H.; Kang, N.K.; Chung, J.W.; Jang, H.Y.; Ahn, S.; et al. Diagnostic
performance of a point shear wave elastography (pSWE) for hepatic fibrosis in patients with autoimmune liver disease. PLoS
ONE 2019, 14, e0212771. [CrossRef]

49. Xing, X.; Yan, Y.; Shen, Y.; Xue, M.; Wang, X.; Luo, X.; Yang, L. Liver fibrosis with two-dimensional shear-wave elastography in
patients with autoimmune hepatitis. Expert Rev. Gastroenterol. Hepatol. 2020, 14, 631–638. [CrossRef]

50. Galina, P.; Alexopoulou, E.; Mentessidou, A.; Mirilas, P.; Zellos, A.; Lykopoulou, L.; Patereli, A.; Salpasaranis, K.; Kelekis,
N.L.; Zarifi, M. Diagnostic accuracy of two-dimensional shear wave elastography in detecting hepatic fibrosis in children with
autoimmune hepatitis, biliary atresia and other chronic liver diseases. Pediatr. Radiol. 2021, 51, 1358–1368. [CrossRef]

51. Sandrin, L.; Fourquet, B.; Hasquenoph, J.-M.; Yon, S.; Fournier, C.; Mal, F.; Christidis, C.; Ziol, M.; Poulet, B.; Kazemi, F.; et al.
Transient elastography: A new noninvasive method for assessment of hepatic fibrosis. Ultrasound Med. Biol. 2003, 29, 1705–1713.
[CrossRef] [PubMed]

52. Xu, X.; Su, Y.; Song, R.; Sheng, Y.; Ai, W.; Wu, X.; Liu, H. Performance of transient elastography assessing fibrosis of single
hepatitis B virus infection: A systematic review and meta-analysis of a diagnostic test. Hepatol. Int. 2015, 9, 558–566. [CrossRef]
[PubMed]

53. Tsochatzis, E.; Gurusamy, K.S.; Ntaoula, S.; Cholongitas, E.; Davidson, B.R.; Burroughs, A.K. Elastography for the diagnosis
of severity of fibrosis in chronic liver disease: A meta-analysis of diagnostic accuracy. J. Hepatol. 2011, 54, 650–659. [CrossRef]
[PubMed]

54. Li, Y.; Huang, Y.-S.; Wang, Z.-Z.; Yang, Z.-R.; Sun, F.; Zhan, S.-Y.; Liu, X.-E.; Zhuang, H. Systematic review with meta-analysis:
The diagnostic accuracy of transient elastography for the staging of liver fibrosis in patients with chronic hepatitis B. Aliment.
Pharmacol. Ther. 2016, 43, 458–469. [CrossRef] [PubMed]

55. Mózes, F.E.; Lee, J.A.; Selvaraj, E.A.; Jayaswal, A.N.A.; Trauner, M.; Boursier, J.; Fournier, C.; Staufer, K.; Stauber, R.E.; Bugianesi,
E.; et al. Diagnostic accuracy of non-invasive tests for advanced fibrosis in patients with NAFLD: An individual patient data
meta-analysis. Gut 2022, 71, 1006–1019. [CrossRef]

56. Gu, Q.; Cen, L.; Lai, J.; Zhang, Z.; Pan, J.; Zhao, F.; Yu, C.; Li, Y.; Chen, C.; Chen, W.; et al. A meta-analysis on the diagnostic
performance of magnetic resonance imaging and transient elastography in nonalcoholic fatty liver disease. Eur. J. Clin. Investig.
2021, 51, e13446. [CrossRef]

57. Shi, K.Q.; Fan, Y.C.; Pan, Z.Z.; Lin, X.F.; Liu, W.Y.; Chen, Y.P.; Zheng, M.H. Transient elastography: A meta-analysis of diagnostic
accuracy in evaluation of portal hypertension in chronic liver disease. Liver Int. 2013, 33, 62–71. [CrossRef]

58. Guo, L.; Zheng, L.; Hu, L.; Zhou, H.; Yu, L.; Liang, W. Transient elastography (FibroScan) performs better than non-invasive
markers in assessing liver fibrosis and cirrhosis in autoimmune hepatitis patients. Med. Sci. Monit. 2017, 23, 5106. [CrossRef]

59. Hartl, J.; Denzer, U.; Ehlken, H.; Zenouzi, R.; Peiseler, M.; Sebode, M.; Hübener, S.; Pannicke, N.; Weiler-Normann, C.; Quaas, A.;
et al. Transient elastography in autoimmune hepatitis: Timing determines the impact of inflammation and fibrosis. J. Hepatol.
2016, 65, 769–775. [CrossRef]

60. Sagir, A.; Erhardt, A.; Schmitt, M.; Häussinger, D. Transient elastography is unreliable for detection of cirrhosis in patients with
acute liver damage. Hepatology 2008, 47, 592–595. [CrossRef]

61. Janik, M.K.; Kruk, B.; Szczepankiewicz, B.; Kostrzewa, K.; Raszeja-Wyszomirska, J.; Górnicka, B.; Lammert, F.; Milkiewicz,
P.; Krawczyk, M. Measurement of liver and spleen stiffness as complementary methods for assessment of liver fibrosis in
autoimmune hepatitis. Liver Int. 2021, 41, 348–356. [CrossRef] [PubMed]

62. Wong, V.W.-S.; Vergniol, J.; Wong, G.L.-H.; Foucher, J.; Chan, A.; Chermak, F.; Choi, P.C.-L.; Merrouche, W.; Chu, S.H.-T.; Pesque,
S.; et al. Liver stiffness measurement using XL probe in patients with nonalcoholic fatty liver disease. Am. J. Gastroenterol. 2012,
107, 1862–1871. [CrossRef] [PubMed]

63. Arena, U.; Lupsor Platon, M.; Stasi, C.; Moscarella, S.; Assarat, A.; Bedogni, G.; Piazzolla, V.; Badea, R.; Laffi, G.; Marra, F.;
et al. Liver stiffness is influenced by a standardized meal in patients with chronic hepatitis C virus at different stages of fibrotic
evolution. Hepatology 2013, 58, 65–72. [CrossRef] [PubMed]

http://doi.org/10.1007/s10620-012-2525-5
http://www.ncbi.nlm.nih.gov/pubmed/23306849
http://doi.org/10.1016/j.jhep.2021.04.044
http://www.ncbi.nlm.nih.gov/pubmed/33991635
http://doi.org/10.1002/hep.29179
http://doi.org/10.1016/j.ultrasmedbio.2020.11.013
http://doi.org/10.1371/journal.pone.0212771
http://doi.org/10.1080/17474124.2020.1779589
http://doi.org/10.1007/s00247-020-04959-9
http://doi.org/10.1016/j.ultrasmedbio.2003.07.001
http://www.ncbi.nlm.nih.gov/pubmed/14698338
http://doi.org/10.1007/s12072-015-9643-z
http://www.ncbi.nlm.nih.gov/pubmed/26187292
http://doi.org/10.1016/j.jhep.2010.07.033
http://www.ncbi.nlm.nih.gov/pubmed/21146892
http://doi.org/10.1111/apt.13488
http://www.ncbi.nlm.nih.gov/pubmed/26669632
http://doi.org/10.1136/gutjnl-2021-324243
http://doi.org/10.1111/eci.13446
http://doi.org/10.1111/liv.12003
http://doi.org/10.12659/MSM.907300
http://doi.org/10.1016/j.jhep.2016.05.023
http://doi.org/10.1002/hep.22056
http://doi.org/10.1111/liv.14726
http://www.ncbi.nlm.nih.gov/pubmed/33159831
http://doi.org/10.1038/ajg.2012.331
http://www.ncbi.nlm.nih.gov/pubmed/23032979
http://doi.org/10.1002/hep.26343
http://www.ncbi.nlm.nih.gov/pubmed/23447459


J. Clin. Med. 2023, 12, 1979 16 of 18

64. Van Katwyk, S.; Coyle, D.; Cooper, C.; Pussegoda, K.; Cameron, C.; Skidmore, B.; Brener, S.; Moher, D.; Thavorn, K. Transient
elastography for the diagnosis of liver fibrosis: A systematic review of economic evaluations. Liver Int. 2017, 37, 851–861.
[CrossRef] [PubMed]

65. Rhodes, C.J. Magnetic resonance spectroscopy. Sci. Prog. 2017, 100, 241–292. [CrossRef]
66. Hsu, C.; Caussy, C.; Imajo, K.; Chen, J.; Singh, S.; Kaulback, K.; Le, M.-D.; Hooker, J.; Tu, X.; Bettencourt, R.; et al. Magnetic

resonance vs transient elastography analysis of patients with nonalcoholic fatty liver disease: A systematic review and pooled
analysis of individual participants. Clin. Gastroenterol. Hepatol. 2019, 17, 630–637. [CrossRef]

67. Wang, J.; Malik, N.; Yin, M.; Smyrk, T.C.; Czaja, A.J.; Ehman, R.L.; Venkatesh, S.K. Magnetic resonance elastography is accurate in
detecting advanced fibrosis in autoimmune hepatitis. World J. Gastroenterol. 2017, 23, 859. [CrossRef]

68. Sevastianova, K.; Hakkarainen, A.; Kotronen, A.; Cornér, A.; Arkkila, P.; Arola, J.; Westerbacka, J.; Bergholm, R.; Lundbom, J.;
Lundbom, N.; et al. Nonalcoholic fatty liver disease: Detection of elevated nicotinamide adenine dinucleotide phosphate with
in vivo 3.0-T 31P MR spectroscopy with proton decoupling. Radiology 2010, 256, 466–473. [CrossRef]

69. Orlacchio, A.; Bolacchi, F.; Cadioli, M.; Bergamini, A.; Cozzolino, V.; Angelico, M.; Simonetti, G. Evaluation of the severity of
chronic hepatitis C with 3-T1H-MR spectroscopy. Am. J. Roentgenol. 2008, 190, 1331–1339. [CrossRef]

70. Puustinen, L.; Hakkarainen, A.; Kivisaari, R.; Boyd, S.; Nieminen, U.; Färkkilä, M.; Lundbom, N.; Arkkila, P. 31Phosphorus
magnetic resonance spectroscopy of the liver for evaluating inflammation and fibrosis in autoimmune hepatitis. Scand. J.
Gastroenterol. 2017, 52, 886–892. [CrossRef]

71. Romero-Gómez, M.; Gómez-González, E.; Madrazo, A.; Vera-Valencia, M.; Rodrigo, L.; Pérez-Alvarez, R.; Pérez-López, R.;
Castellano-Megias, V.M.; Nevado-Santos, M.; Alcón, J.C.; et al. Optical analysis of computed tomography images of the liver
predicts fibrosis stage and distribution in chronic hepatitis C. Hepatology 2008, 47, 810–816. [CrossRef] [PubMed]

72. Son, J.H.; Lee, S.S.; Lee, Y.; Kang, B.K.; Sung, Y.S.; Jo, S.; Yu, E. Assessment of liver fibrosis severity using computed tomography–
based liver and spleen volumetric indices in patients with chronic liver disease. Eur. Radiol. 2020, 30, 3486–3496. [CrossRef]
[PubMed]

73. Li, Y.; Li, L.; Weng, H.L.; Liebe, R.; Ding, H.G. Computed tomography vs liver stiffness measurement and magnetic resonance
imaging in evaluating esophageal varices in cirrhotic patients: A systematic review and meta-analysis. World J. Gastroenterol.
2020, 26, 2247. [CrossRef] [PubMed]

74. Andersson, K.L.; Salomon, J.A.; Goldie, S.J.; Chung, R.T. Cost effectiveness of alternative surveillance strategies for hepatocellular
carcinoma in patients with cirrhosis. Clin. Gastroenterol. Hepatol. 2008, 6, 1418–1424. [CrossRef]

75. Liberal, R.; Krawitt, E.L.; Vierling, J.M.; Manns, M.P.; Mieli-Vergani, G.; Vergani, D. Cutting edge issues in autoimmune hepatitis.
J. Autoimmun. 2016, 75, 6–19. [CrossRef]

76. Czaja, A.J. Current and prospective pharmacotherapy for autoimmune hepatitis. Expert Opin. Pharmacother. 2014, 15, 1715–1736.
[CrossRef]

77. Mack, C.L.; Adams, D.; Assis, D.N.; Kerkar, N.; Manns, M.P.; Mayo, M.J.; Vierling, J.M.; Alsawas, M.; Murad, M.H.; Czaja, A.J.
Diagnosis and management of autoimmune hepatitis in adults and children: 2019 practice guidance and guidelines from the
American Association for the Study of Liver Diseases. Hepatology 2020, 72, 671–722. [CrossRef]

78. Soloway, R.D.; Summerskill, W.H.J.; Baggenstoss, A.H.; Geall, M.G.; Gitnick, G.L.; Elveback, L.R.; Schoenfield, L.J. Clinical,
biochemical, and histological remission of severe chronic active liver disease: A controlled study of treatments and early prognosis.
Gastroenterology 1972, 63, 820–833. [CrossRef]

79. Czaja, A.J.; Menon, K.N.; Carpenter, H.A. Sustained remission after corticosteroid therapy for type 1 autoimmune hepatitis: A
retrospective analysis. Hepatology 2002, 35, 890–897. [CrossRef]

80. Lamers, M.M.; van Oijen, M.G.; Pronk, M.; Drenth, J.P. Treatment options for autoimmune hepatitis: A systematic review of
randomized controlled trials. J. Hepatol. 2010, 53, 191–198. [CrossRef]

81. Manns, M.P.; Woynarowski, M.; Kreisel, W.; Lurie, Y.; Rust, C.; Zuckerman, E.; Bahr, M.J.; Günther, R.; Hultcrantz, R.W.; Spengler,
U.; et al. Budesonide induces remission more effectively than prednisone in a controlled trial of patients with autoimmune
hepatitis. Gastroenterology 2010, 134, 1198–1206. [CrossRef] [PubMed]

82. Hempfling, W.; Grunhage, F.; Dilger, K.; Reichel, C.; Beuers, U.; Sauerbruch, T. Pharmacokinetics and pharmacodynamic action of
budesonide in early-and late-stage primary biliary cirrhosis. Hepatology 2003, 38, 196–202. [CrossRef] [PubMed]

83. Sharzehi, K.; Huang, M.A.; Schreibman, I.R.; Brown, K.A. Mycophenolate mofetil for the treatment of autoimmune hepatitis in
patients refractory or intolerant to conventional therapy. Can. J. Gastroenterol. 2010, 24, 588–592. [CrossRef] [PubMed]

84. Lohse, A.W.; Sebode, M.; Jørgensen, M.H.; Ytting, H.; Karlsen, T.H.; Kelly, D.; Manns, M.P.; Vesterhus, M.; European Reference
Network on Hepatological Diseases (ERN RARE-LIVER); International Autoimmune Hepatitis Group (IAIHG). Second-line
and third-line therapy for autoimmune hepatitis: A position statement from the European Reference Network on Hepatological
Diseases and the International Autoimmune Hepatitis Group. J. Hepatol. 2020, 73, 1496–1506. [CrossRef] [PubMed]

85. Zachou, K.; Gatselis, N.; Papadamou, G.; Rigopoulou, E.I.; Dalekos, G.N. Mycophenolate for the treatment of autoimmune
hepatitis: Prospective assessment of its efficacy and safety for induction and maintenance of remission in a large cohort of
treatment-naive patients. J. Hepatol. 2011, 55, 636–646. [CrossRef] [PubMed]

86. Hlivko, J.T.; Shiffman, M.L.; Stravitz, R.T.; Luketic, V.A.; Sanyal, A.J.; Fuchs, M.; Sterling, R.K. A single center review of the use of
mycophenolate mofetil in the treatment of autoimmune hepatitis. Clin. Gastroenterol. Hepatol. 2008, 6, 1036–1040. [CrossRef]

http://doi.org/10.1111/liv.13260
http://www.ncbi.nlm.nih.gov/pubmed/27699993
http://doi.org/10.3184/003685017X14993478654307
http://doi.org/10.1016/j.cgh.2018.05.059
http://doi.org/10.3748/wjg.v23.i5.859
http://doi.org/10.1148/radiol.10091351
http://doi.org/10.2214/AJR.07.2262
http://doi.org/10.1080/00365521.2017.1315738
http://doi.org/10.1002/hep.22112
http://www.ncbi.nlm.nih.gov/pubmed/18098299
http://doi.org/10.1007/s00330-020-06665-4
http://www.ncbi.nlm.nih.gov/pubmed/32055946
http://doi.org/10.3748/wjg.v26.i18.2247
http://www.ncbi.nlm.nih.gov/pubmed/32476790
http://doi.org/10.1016/j.cgh.2008.08.005
http://doi.org/10.1016/j.jaut.2016.07.005
http://doi.org/10.1517/14656566.2014.931938
http://doi.org/10.1002/hep.31065
http://doi.org/10.1016/S0016-5085(19)33223-8
http://doi.org/10.1053/jhep.2002.32485
http://doi.org/10.1016/j.jhep.2010.01.037
http://doi.org/10.1053/j.gastro.2010.06.046
http://www.ncbi.nlm.nih.gov/pubmed/20600032
http://doi.org/10.1053/jhep.2003.50266
http://www.ncbi.nlm.nih.gov/pubmed/12830002
http://doi.org/10.1155/2010/891252
http://www.ncbi.nlm.nih.gov/pubmed/21037986
http://doi.org/10.1016/j.jhep.2020.07.023
http://www.ncbi.nlm.nih.gov/pubmed/32707224
http://doi.org/10.1016/j.jhep.2010.12.032
http://www.ncbi.nlm.nih.gov/pubmed/21238519
http://doi.org/10.1016/j.cgh.2008.04.006


J. Clin. Med. 2023, 12, 1979 17 of 18

87. Hennes, E.M.; Oo, Y.H.; Schramm, C.; Denzer, U.; Buggisch, P.; Wiegard, C.; Kanzler, S.; Schuchmann, M.; Boecher, W.; Galle,
P.R.; et al. Mycophenolate mofetil as second line therapy in autoimmune hepatitis? Am. J. Gastroenterol. 2008, 103, 3063–3070.
[CrossRef]

88. Czaja, A.J. Mycophenolate mofetil to the rescue in autoimmune hepatitis: A fresh sprout on the decision tree. J. Hepatol. 2009, 51,
8–10. [CrossRef]

89. Yu, Z.J.; Zhang, L.L.; Huang, T.T.; Zhu, J.S.; He, Z.B. Comparison of mycophenolate mofetil with standard treatment for
autoimmune hepatitis: A meta-analysis. Eur. J. Gastroenterol. Hepatol. 2019, 31, 873–877. [CrossRef]

90. Furukawa, A.; Wisel, S.A.; Tang, Q. Impact of immune- modulatory drugs on regulatory T cell. Transplantation 2016, 100,
2288–2300. [CrossRef]

91. Sherman, K.E.; Narkewicz, M.; Pinto, P.C. Cyclosporine in the management of corticosteroid-resistant type I autoimmune chronic
active hepatitis. J. Hepatol. 1994, 21, 1040–1047. [CrossRef] [PubMed]

92. Fernandes, N.F.; Redeker, A.G.; Vierling, J.M.; Villamil, F.G.; Fong, T.L. Cyclosporine therapy in patients with steroid resistant
autoimmune hepatitis. Am. J. Gastroenterol. 1999, 94, 241–248. [CrossRef] [PubMed]

93. Bucy, R.P.; Xu, X.Y.; Li, J.; Huang, G. Cyclosporin A-induced autoimmune disease in mice. J. Immunol. 1993, 151, 1039–1050.
[CrossRef] [PubMed]

94. Wu, D.Y.; Goldschneider, I. Cyclosporin A-induced autologous graft-versus-host disease: A prototypical model of autoimmunity
and active (dominant) tolerance coordinately induced by recent thymic emigrants. J. Immunol. 1999, 162, 6926–6933. [CrossRef]
[PubMed]

95. Malekzadeh, R.; Nasseri-Moghaddam, S.; Kaviani, M.J.; Taheri, H.; Kamalian, N.; Sotoudeh, M. Cyclosporin A is a promising
alternative to corticosteroids in autoimmune hepatitis. Dig. Dis. Sci. 2001, 46, 1321–1327. [CrossRef] [PubMed]

96. Larsen, F.S.; Vainer, B.; Eefsen, M.; Bjerring, P.N.; Hansen, B.A. Low-dose tacrolimus ameliorates liver inflammation and fibrosis
in steroid refractory autoimmune hepatitis. World J. Gastroenterol. 2007, 13, 3232. [CrossRef]

97. Rubin, J.N.; Te, H.S. Refractory autoimmune hepatitis: Beyond standard therapy. Dig. Dis. Sci. 2016, 61, 1757–1762. [CrossRef]
98. Than, N.; Schmidt, D.; Hodson, J.; Wawman, R.; Burak, K.; Botter, M.; Jones, R.; Montano-Loza, A.; Gautam, N.; Appanna, G.;

et al. Rituximab treatment experience in patients with complicated type 1 autoimmune hepatitis in Europe and North America. J.
Hepatol. 2018, 68, S217–S218. [CrossRef]

99. Béland, K.; Marceau, G.; Labardy, A.; Bourbonnais, S.; Alvarez, F. Depletion of B cells induces remission of autoimmune hepatitis
in mice through reduced antigen presentation and help to T cells. Hepatology 2015, 62, 1511–1523. [CrossRef]

100. Ramos-Casals, M.; Brito-Zerón, P.; Muñoz, S.; Soria, N.; Galiana, D.; Bertolaccini, L.; Cuadrado, M.-J.; Khamashta, M.A.
Autoimmune diseases induced by TNF-targeted therapies: Analysis of 233 cases. Medicine 2007, 86, 242–251. [CrossRef]

101. Hsu, M.C.; Liu, S.H.; Wang, C.W.; Hu, N.Y.; Wu, E.S.; Shih, Y.C.; Chiu, P.J. JKB-122 is effective, alone or in combination with
prednisolone in Con A-induced hepatitis. Eur. J. Pharmacol. 2017, 812, 113–120. [CrossRef]

102. Doycheva, I.; Watt, K.D.; Gulamhusein, A.F. Autoimmune hepatitis: Current and future therapeutic options. Liver Int. 2019, 39,
1002–1013. [CrossRef] [PubMed]

103. Ng, L.G.; Sutherland, A.P.; Newton, R.; Qian, F.; Cachero, T.G.; Scott, M.L.; Thompson, J.S.; Wheway, J.; Chtanova, T.; Groom, J.;
et al. B cell-activating factor be-longing to the TNF family (BAFF)-R is the principal BAFF receptor facilitating BAFF costimulation
of circulating T and B cells. J. Immunol. 2004, 173, 807–817. [CrossRef] [PubMed]

104. Migita, K.; Abiru, S.; Maeda, Y.; Nakamura, M.; Komori, A.; Ito, M.; Fujiwara, S.; Yano, K.; Yatsuhashi, H.; Eguchi, K.; et al.
Elevated serum BAFF levels in patients with autoimmune hepatitis. Hum. Immunol. 2007, 68, 586–591. [CrossRef] [PubMed]

105. Chen, Y.Y.; Jeffery, H.C.; Hunter, S.; Bhogal, R.; Birtwistle, J.; Braitch, M.K.; Roberts, S.; Ming, M.; Hannah, J.; Thomas, C.; et al.
Human intrahepatic regulatory T cells are functional, require IL-2 from effector cells for survival, and are susceptible to Fas
ligand-mediated apoptosis. Hepatology 2016, 64, 138–150. [CrossRef]

106. Vignali, D.A.; Collison, L.W.; Workman, C.J. How regulatory T cells work. Nat. Rev. Immunol. 2008, 8, 523–532. [CrossRef]
107. Abramovitch, S.; Dahan-Bachar, L.; Sharvit, E.; Weisman, Y.; Tov, A.B.; Brazowski, E.; Reif, S. Vitamin D inhibits proliferation and

profibrotic marker expression in hepatic stellate cells and decreases thioacetamide-induced liver fibrosis in rats. Gut 2011, 60,
1728–1737. [CrossRef]

108. Potter, J.J.; Liu, X.; Koteish, A.; Mezey, E. 1,25-dihydroxyvitamin D3 and its nuclear receptor repress human alpha1 (I) collagen
expres- sion and type I collagen formation. Liver Int. 2013, 33, 677–686. [CrossRef]

109. Efe, C.; Kav, T.; Aydin, C.; Cengiz, M.; Imga, N.N.; Purnak, T.; Smyk, D.S.; Torgutalp, M.; Turhan, T.; Ozenirler, S.; et al. Low
serum vitamin D levels are associated with severe histological features and poor response to therapy in patients with autoimmune
hepatitis. Dig. Dis. Sci. 2014, 59, 3035–3042. [CrossRef]

110. Bjelakovic, M.; Nikolova, D.; Bjelakovic, G.; Gluud, C. Vitamin D supplementation for chronic liver diseases in adults. Cochrane
Database Syst. Rev. 2021, 8, CD011564.

111. Moriya, K.; Nishimura, N.; Namisaki, T.; Takaya, H.; Sawada, Y.; Kawaratani, H.; Kaji, K.; Shimozato, N.; Sato, S.; Furukawa, M.;
et al. Zinc Administration and Improved Serum Markers of Hepatic Fibrosis in Patients with Autoimmune Hepatitis. J. Clin. Med.
2021, 10, 2465. [CrossRef] [PubMed]

112. Diglio, D.C.; Fernandes, S.A.; Stein, J.; Azeredo-da-Silva, A.; de Mattos, A.A.; Tovo, C.V. Role of zinc supplementation in the
management of chronic liver diseases: A systematic review and meta-analysis. Ann. Hepatol. 2021, 19, 190–196. [CrossRef]
[PubMed]

http://doi.org/10.1111/j.1572-0241.2008.02180.x
http://doi.org/10.1016/j.jhep.2009.03.011
http://doi.org/10.1097/MEG.0000000000001367
http://doi.org/10.1097/TP.0000000000001379
http://doi.org/10.1016/S0168-8278(05)80615-4
http://www.ncbi.nlm.nih.gov/pubmed/7699225
http://doi.org/10.1111/j.1572-0241.1999.00807.x
http://www.ncbi.nlm.nih.gov/pubmed/9934764
http://doi.org/10.4049/jimmunol.151.2.1039
http://www.ncbi.nlm.nih.gov/pubmed/8335890
http://doi.org/10.4049/jimmunol.162.11.6926
http://www.ncbi.nlm.nih.gov/pubmed/10352315
http://doi.org/10.1023/A:1010683817344
http://www.ncbi.nlm.nih.gov/pubmed/11414311
http://doi.org/10.3748/wjg.v13.i23.3232
http://doi.org/10.1007/s10620-015-4022-0
http://doi.org/10.1016/S0168-8278(18)30652-4
http://doi.org/10.1002/hep.27991
http://doi.org/10.1097/MD.0b013e3181441a68
http://doi.org/10.1016/j.ejphar.2017.07.012
http://doi.org/10.1111/liv.14062
http://www.ncbi.nlm.nih.gov/pubmed/30716203
http://doi.org/10.4049/jimmunol.173.2.807
http://www.ncbi.nlm.nih.gov/pubmed/15240667
http://doi.org/10.1016/j.humimm.2007.03.010
http://www.ncbi.nlm.nih.gov/pubmed/17584580
http://doi.org/10.1002/hep.28517
http://doi.org/10.1038/nri2343
http://doi.org/10.1136/gut.2010.234666
http://doi.org/10.1111/liv.12122
http://doi.org/10.1007/s10620-014-3267-3
http://doi.org/10.3390/jcm10112465
http://www.ncbi.nlm.nih.gov/pubmed/34199421
http://doi.org/10.1016/j.aohep.2019.08.011
http://www.ncbi.nlm.nih.gov/pubmed/31611064


J. Clin. Med. 2023, 12, 1979 18 of 18

113. Gelow, K.; Chalasani, S.; Green, K.; Lammert, C. Utilization and Impact of Complementary and Alternative Medicines in
Symptomatic Autoimmune Hepatitis Patients. Dig. Dis. Sci. 2022, 67, 2891–2898. [CrossRef] [PubMed]

114. Wei, Y.; Li, Y.; Yan, L.; Sun, C.; Miao, Q.; Wang, Q.; Xiao, X.; Lian, M.; Li, B.; Chen, Y.; et al. Alterations of gut microbiome in
autoimmune hepatitis. Gut 2020, 69, 569–577. [CrossRef]

115. Liwinski, T.; Casar, C.; Ruehlemann, M.C.; Bang, C.; Sebode, M.; Hohenester, S.; Denk, G.; Lieb, W.; Lohse, A.W.; Franke, A.; et al.
A disease-specific decline of the relative abundance of Bifidobacterium in patients with autoimmune hepatitis. Aliment. Pharm.
Ther. 2020, 51, 1417–1428. [CrossRef] [PubMed]

116. Zhang, H.; Liu, M.; Liu, X.; Zhong, W.; Li, Y.; Ran, Y.; Guo, L.; Chen, X.; Zhao, J.; Wang, B.; et al. Bifidobacterium animalis ssp.
Lactis 420 mitigates autoimmune hepatitis through regulating intestinal barrier and liver immune cells. Front. Immunol. 2020,
11, 569104. [CrossRef]

117. Liu, Q.; Tian, H.; Kang, Y.; Tian, Y.; Li, L.; Kang, X.; Yang, H.; Wang, Y.; Tian, J.; Zhang, F.; et al. Probiotics alleviate autoimmune
hepatitis in mice through modulation of gut microbiota and intestinal permeability. J. Nutr. Biochem. 2021, 98, 108863. [CrossRef]

118. Wu, J.L.; Zou, J.Y.; Hu, E.D.; Chen, D.Z.; Chen, L.; Lu, F.B.; Xu, L.-M.; Zheng, M.-H.; Li, H.; Huang, Y.; et al. Sodium butyrate
ameliorates S100/FCA-induced autoimmune hepatitis through regulation of intestinal tight junction and toll-like receptor 4
signaling pathway. Immunol. Lett. 2017, 190, 169–176. [CrossRef]

119. Ke, Q.H.; Chen, H.Y.; He, Z.L.; Lv, Z.; Xu, X.F.; Qian, Y.G.; Zheng, S.S. Silencing of microRNA-375 affects immune function in
mice with liver failure by upregulating astrocyte elevated gene-1 through reducing apoptosis of Kupffer cells. J. Cell. Biochem.
2019, 120, 253–263. [CrossRef]

120. Wang, Y.Q.; Lan, Y.Y.; Guo, Y.C.; Yuan, Q.W.; Liu, P. Down-regulation of microRNA-138 improves immunologic function via
negatively targeting p53 by regulating liver macrophage in mice with acute liver failure. Biosci. Rep. 2019, 39, BSR20190763.
[CrossRef]

121. Tu, H.; Chen, D.; Cai, C.; Du, Q.; Lin, H.; Pan, T.; Sheng, L.; Xu, Y.; Teng, T.; Tu, J.; et al. MicroRNA-143-3p attenuated development
of hepatic fibrosis in autoimmune hepatitis through regulation of TAK1 phosphorylation. J. Cell Mol. Med. 2020, 24, 1256–1267.
[CrossRef] [PubMed]

122. Xue, T.; Qiu, X.; Liu, H.; Gan, C.; Tan, Z.; Xie, Y.; Wang, Y.; Ye, T. Epigenetic regulation in fibrosis progress. Pharmacol. Res. 2021,
173, 105910. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s10620-021-07112-0
http://www.ncbi.nlm.nih.gov/pubmed/34160734
http://doi.org/10.1136/gutjnl-2018-317836
http://doi.org/10.1111/apt.15754
http://www.ncbi.nlm.nih.gov/pubmed/32383181
http://doi.org/10.3389/fimmu.2020.569104
http://doi.org/10.1016/j.jnutbio.2021.108863
http://doi.org/10.1016/j.imlet.2017.08.005
http://doi.org/10.1002/jcb.27338
http://doi.org/10.1042/BSR20190763
http://doi.org/10.1111/jcmm.14750
http://www.ncbi.nlm.nih.gov/pubmed/31808606
http://doi.org/10.1016/j.phrs.2021.105910
http://www.ncbi.nlm.nih.gov/pubmed/34562602

	Introduction 
	Fibrogenesis in AIH 
	Fibrosis Assessment 
	Liver Biopsy 
	Non-Invasive Laboratory Tests 
	Serum Biomarkers 
	Scoring Systems 

	Radiological Procedures 
	Conventional Ultrasound 
	Elastography 
	Magnetic Resonance Imaging 
	Computed Tomography 


	Fibrosis Treatment 
	First-Line Therapies 
	Second-Line Therapies 
	Third-Line Therapies 
	New Therapeutic Perspectives 
	Pharmacological Agents in Development 
	Antioxidants 
	Gut Microbiota Modification 
	Epigenetic Regulation 


	Conclusions and Future Perspectives 
	References

