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Abstract

Background: Mycophenolate mofetil (MMF) has been suggested as 
a potential alternative treatment option for patients who are intoler-
ant or unresponsive to the standard corticosteroid and azathioprine 
(AZA) regimen for autoimmune hepatitis (AIH). This systematic re-
view and meta-analysis aimed to comprehensively evaluate and com-
pare the biochemical efficacy and safety profiles of MMF and AZA 
in the treatment of AIH.

Methods: This review systematically examined the available litera-
ture from the inception of the MEDLINE and EMBASE databases 
up to November 2024. The primary outcomes of interest included the 
evaluation of biochemical remission (BR), the effectiveness of MMF 
in patients who were non-responsive (AZA-NR) or intolerant to aza-
thioprine (AZA-IT), and the assessment of adverse events (AEs) and 
overall survival.

Results: This meta-analysis evaluated 11 studies comprising 952 par-
ticipants, with 57.45% receiving MMF and the remaining receiving 
AZA. The findings indicate that MMF demonstrated a significantly 
higher BR rate (88.57%) than AZA (53.64%). The pooled analysis 
revealed a substantial improvement in the BR rate with MMF com-
pared to AZA (odds ratio (OR): 7.81, 95% confidence interval (CI): 
2.21 - 27.69). Furthermore, the estimated enhancement in treatment 
efficacy with MMF was 61% (95% CI: 42.63 - 78.04) among AZA-

NR patients and 61.73% (95% CI: 54.88 - 68.35) in AZA-IT patients. 
However, the analysis did not reveal any significant differences be-
tween the two groups in terms of AEs (OR: 0.57, P = 0.47) and overall 
survival (OR: 1.27, P = 0.64).

Conclusions: MMF may be a suitable first-line alternative to AZA 
for AIH, with higher rates of BR, especially in patients intolerant or 
non-responsive to standard therapy. However, the long-term efficacy 
and safety of MMF requires further investigation through rigorous 
randomized controlled trials.

Keywords: AIH; MMF; AZA; Treatment-naive; Intolerant; Non-
responsive; Biochemical remission; Adverse events

Introduction

Autoimmune hepatitis (AIH) is a chronic inflammatory liver 
condition caused by the disruption of the immune regulatory 
system, leading to autoimmune activity and liver cell dam-
age. This disorder is prevalent globally and affects individu-
als across diverse ages and ethnicities, with a predisposition 
towards females [1]. The clinical presentation of AIH demon-
strates substantial variability, ranging from non-specific symp-
toms such as fatigue and upper abdominal discomfort to poly-
myalgia and joint arthralgia [2]. The diagnosis of this condition 
relies on a comprehensive evaluation of clinical, biochemical, 
and histological findings, with diagnostic scoring systems that 
further inform clinical decision-making. Key biochemical ab-
normalities include elevated serum transaminase levels and 
alkaline phosphatase levels and hypergammaglobulinemia. 
Ultimately, the diagnosis of AIH necessitates a thorough as-
sessment of these factors, collectively contributing to a defini-
tive diagnosis and guiding the implementation of appropriate 
long-term immunosuppressive management strategies for the 
affected population [3].

Untreated AIH can progress rapidly, with early research 
indicating mortality rates as high as 40% within 6 months for 
individuals with severe, untreated disease [4, 5]. The goal of 
AIH treatment is to induce and maintain complete suppression 
of inflammatory activity, thereby preventing progression to 
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cirrhosis and liver decompensation [6]. Without treatment, re-
ported 5- and 10-year survival rates are 50% and 10%, respec-
tively [7]. The standard first-line intervention for AIH involves 
a combination of corticosteroids and the immunosuppressant 
drug azathioprine (AZA), which can lead to remission in 65-
80% of patients [8]. However, a significant proportion, around 
20% of patients, either do not respond adequately to or can-
not tolerate this conventional corticosteroid-AZA therapy [9]. 
This underscores the critical need for alternative treatment ap-
proaches in patients who fail to achieve a satisfactory response 
or cannot tolerate the standard regimen.

Mycophenolate mofetil (MMF) has been proposed as 
a potential rescue therapy for individuals who are intolerant 
or unresponsive to the standard corticosteroid-AZA regimen 
[10]. However, the existing evidence supporting its use is pri-
marily derived from small retrospective studies, which have 
limitations in providing a comprehensive evaluation of its ef-
ficacy and safety profiles. Additionally, there are currently no 
specific guideline recommendations regarding the application 
of MMF in the management of AIH [11]. This lack of robust, 
prospective data and clear guidance highlights the critical need 
for further research to evaluate the biochemical efficacy and 
safety of MMF with AZA for the treatment of this complex 
autoimmune liver condition. This comprehensive assessment 
aimed to provide valuable insights to guide clinicians in mak-
ing informed decisions and in enhancing the overall manage-
ment of patients with AIH. The primary objective of this study 
was to evaluate the efficacy of MMF as a first-line treatment 
compared to standard therapy. Additionally, this study sought 
to investigate the effectiveness of MMF in patients who were 
intolerant or unresponsive to the standard corticosteroid-AZA 
regimen.

Materials and Methods

This systematic review and meta-analysis were conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [12]. Giv-
en the absence of patient-specific data, ethical approval was 
not required for this study.

Inclusion and exclusion criteria

The review included studies that met the following criteria: 
randomized controlled trials (RCTs), prospective or retrospec-
tive cohort studies, or case-control studies; studies comparing 
the use of MMF with standard therapy for the treatment of AIH 
in adult patients; and studies evaluating the efficacy of treat-
ing refractory AIH with corticosteroids and MMF in patients 
who failed to respond or were intolerant to standard treatment. 
Eligible studies reported relevant outcome measures, such as 
biochemical remission (BR) and safety profiles. Studies were 
excluded if they lacked a comparison group; were published 
in a language other than English; were case reports; editorials, 
or letters; or did not assess relevant outcome measures. This 
meta-analysis focused on evaluating the primary outcome of 

BR, defined as normalized transaminases and IgG levels with 
or without histological normalization, within the initial 2 years 
of treatment. Treatment failure was defined heterogeneously, 
although generally characterized by a composite of factors. 
The principal indicators of failure included an inadequate BR, 
evidenced by a failure to normalize liver enzyme and IgG lev-
els, and the persistence of histological activity on liver biopsy 
despite therapeutic intervention. Supplementary Material 1 (gr.
elmerpub.com) presents a comparative summary of the diverse 
definitions of BR and treatment failure used in the studies ana-
lyzed. Despite these variations, most studies generally adhered 
to the 2010 American Association for the Study of Liver Dis-
eases (AASLD) guidelines for defining a BR. Other outcomes 
assessed were adverse events (AEs) and overall survival. To 
further investigate the efficacy of MMF as a second-line ther-
apy, a subgroup analysis was performed to compare its effects 
in patients who were non-responsive and those intolerant to 
standard therapy. This allowed for an assessment of the differ-
ential impact of MMF in these two distinct patient populations, 
who utilized the drug as a rescue option.

Search strategy and study selection

We designed a comprehensive search strategy and imple-
mented it across EMBASE and PubMed, covering all publi-
cations from inception to November 15, 2024. This strategy 
combines free text and MeSH terms, incorporating synonyms 
and spelling variations. The full search strategy is available in 
Supplementary Material 2 (gr.elmerpub.com). We also manu-
ally searched the reference lists of all identified trials, guide-
lines, and reviews on the topic. All citations were imported 
into Covidence. Two reviewers (AA and MK) independently 
screened the titles, abstracts, and full-text articles, and discrep-
ancies were resolved by a third reviewer (SK). Data extraction 
was performed in duplicate by AA and MK using standardized 
forms, including study identification (e.g., authorship, publi-
cation year, country of origin), study design and risk of bias 
assessment, patient demographics (e.g., age, sex, comorbidi-
ties), intervention and comparator descriptions, and outcomes. 
Relevant subgroup data where available were also collected.

Data synthesis and analysis

The analysis utilized odds ratios (ORs) with 95% confidence 
intervals (CIs) to evaluate categorical outcomes and mean dif-
ferences (MDs) with 95% CIs for continuous outcomes. Sta-
tistical significance was defined as an alpha criterion ≤ 0.05. A 
random-effects modeling approach was employed to estimate 
the pooled effects, and forest plots were used to visually pre-
sent the meta-analysis results. Additionally, a random-effects 
model with restricted maximum likelihood estimation was 
used to address the observed heterogeneity across the included 
studies. Furthermore, Wald-type CIs were calculated based 
on the pooled effect size and its associated standard error to 
quantify the uncertainty surrounding the summary statistics. 
The degree of heterogeneity was evaluated using I2 statistics, 
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which provide a quantitative measure of inconsistency across 
study results. The I2 values were interpreted as follows: 0-30% 
indicated low heterogeneity, 30-60% moderate heterogeneity, 
50-90% substantial heterogeneity, and 75-100% considerable 
heterogeneity, with a P-value < 0.1 considered statistically sig-
nificant recommended by the Cochrane Handbook. Due to the 
inclusion of fewer than 10 studies in the final analysis, a formal 
evaluation of publication bias was not performed. Sensitivity 
analyses were conducted by removing each study individually 
and including only those studies without a high risk of bias. 
We assessed the certainty of the evidence using the Grading of 
Recommendations Assessment, Development, and Evaluation 
(GRADE) framework. Statistical analyses were conducted us-
ing RevMan version 5.4 and MedCalc version 19.4 software.

Results

The study selection process adhered to PRISMA guidelines, 
as outlined in Supplementary Material 3 (gr.elmerpub.com). 
A comprehensive literature search identified 495 and 486 cita-
tions from PubMed and Embase, respectively. After removing 
duplicates, 897 articles were screened, and 11 full-text studies 
with a total of 952 participants were ultimately included [13-
23]. The study design was predominantly retrospective with 
two prospective studies. Eleven studies were conducted from 
2008 to 2024 across 10 countries: Greece, the Netherlands, 
Belgium, the USA, Sweden, Germany, the United Kingdom, 
Switzerland, Portugal, and Australia. The baseline character-
istics of the included studies are shown in Table 1 [13-23]. 
Approximately 57.45% of the participants were treated with 
MMF, whereas the remaining received AZA. The mean age of 
participants was 50.4 years in the MMF group and 49.3 years 
in the AZA group. Female participants constituted the major-
ity of the study population, accounting for 78% of the MMF 
group and 73% of the AZA group. The MMF dose across stud-
ies ranged 1.5 - 2 g/day, whereas AZA doses were reported as 
1 - 2 mg/kg/day. Baseline cirrhosis was reported in 27% and 
23% of patients in the MMF and AZA groups, respectively. 
The overall certainty of the evidence was evaluated using the 
GRADE approach and is presented in Supplementary Material 
4 (gr.elmerpub.com).

BR rate in MMF and AZA

The meta-analysis findings suggested that MMF was as-
sociated with a notably higher BR rate of 88.57% (95% CI: 
76.84-96.85%), as opposed to 53.64% with AZA (95% CI: 
33.5-73.19%). The pooled analysis showed a substantial im-
provement in the BR rate with MMF compared to AZA (OR: 
7.81, 95% CI: 2.21 - 27.69, I2 = 77%, P = 0.001; Fig. 1). How-
ever, heterogeneity across the included studies was high, as 
reflected by an I2 value of 77%. With the exclusion of Hlivko 
et al due to a high risk of bias and Snijder et al given its RCT 
design, the I2 improved to 0. The results remained consistent, 
indicating that continued MMF demonstrated a statistically 
significantly improved BR (OR: 25.1, 95% CI: 12.5 - 50.4, I2 

= 0%, P < 0.05). Sensitivity analysis focusing solely on treat-
ment-naive AIH patients revealed that MMF exhibited consist-
ent improvements in sustained BR compared with AZA (OR: 
6.60, 95% CI: 1.61 - 27.09, I2 = 82%, P = 0.009). Furthermore, 
the BR at 6 months was not different between the two groups 
(OR: 3.08, 95% CI: 0.72 - 13.22, I2 = 73%, P = 0.13, Fig. 2), 
while one study reported a sustained BR at 12 months favoring 
MMF (OR: 2.47, 95% CI: 1.09 - 5.7, P = 0.03) [22].

BR rate with MMF following AZA non-response and in-
tolerance

The subgroup analysis of eight studies [13-20] examined the 
efficacy of MMF in patients with AIH who had previously 
failed or were intolerant to AZA therapy. The pooled results 
showed that MMF achieved a 61% (95% CI: 42.63-78.04%, 
I2 = 74%, Fig. 3) BR rate among AZA non-respondent (AZA-
NR). When studies with a moderate to high risk of bias were 
excluded from the sensitivity analysis, the pooled results main-
tained consistency; however, a high degree of heterogeneity 
remained. Although this subgroup also experienced a 3.87% 
relapse rate and a 31.46% treatment failure rate with MMF. 
Similarly, in AZA intolerant (AZA-IT) participants, MMF 
demonstrated a comparable remission rate of 61.73% (95% 
CI: 54.88-68.35%, I2 = 1.9%, Fig. 4), with minimal heteroge-
neity across the studies, suggesting consistent findings. How-
ever, the pooled analysis for the AZA-IT subgroup revealed 
a 5.65% relapse rate and 17.43% treatment failure rate with 
MMF. These findings suggest that MMF may be an effective 
alternative treatment option for individuals with AIH who are 
unable to tolerate or respond adequately to AZA therapy.

AEs

This analysis did not reveal a statistically significant difference 
in the incidence of AEs between the MMF and AZA groups. 
The pooled OR for AEs was 0.57 (95% CI: 0.13 - 2.61, I2 = 
86%, P = 0.47, Fig. 5), suggesting comparable safety profiles. 
However, in a sensitivity analysis that excluded the study by 
Hlivko et al due to its moderate risk of bias, the analysis dem-
onstrated a lower rate of AEs with MMF compared to AZA 
(OR: 0.31, 95% CI: 0.10 - 0.98, I2 = 63%, P = 0.05). The AE 
data are summarized in Table 2. The most frequently reported 
AEs in these studies were gastrointestinal issues, infections, 
and fatigue. Importantly, the AZA group exhibited a higher in-
cidence of hepatotoxicity than the MMF group, which did not 
report any case of hepatotoxicity. Furthermore, two patients in 
the MMF cohort developed malignancies, including lympho-
ma and melanoma, whereas no such events were reported in 
the AZA group [24]. Meta-analysis revealed a higher incidence 
of serious AEs necessitating treatment discontinuation in the 
AZA cohort (11.5%) than the MMF cohort (2.5%). Addition-
ally, the pooled data demonstrated a lower risk of serious AEs 
with MMF than AZA (OR: 0.20, 95% CI: 0.08 - 0.46, I2 = 0%, 
P < 0.05). The AZA group experienced treatment-discontin-
uing AEs including hospitalization for drug-induced liver in-
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Figure 1. Forest plot of comparison of mycophenolate mofetil (MMF) with azathioprine (AZA) for biochemical remission.

Figure 2. Forest plot of comparison of mycophenolate mofetil (MMF) with azathioprine (AZA) for biochemical remission at 6 
months.

Figure 3. Forest plot of pooled biochemical remission of mycophenolate mofetil (MMF) in azathioprine non-respondents (AZA-
NR).
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Figure 4. Forest plot of pooled biochemical remission of mycophenolate mofetil (MMF) in azathioprine intolerants (AZA-IT).

Figure 5. Forest plot of comparison of mycophenolate mofetil (MMF) with azathioprine (AZA) for adverse events.

Table 2.  Adverse Events

Adverse events AZA (n = 272), n (%) MMF (n = 381), n (%)
Gastrointestinal symptoms 37 (13.6) 45 (11.8)
Skin abnormalities 4 (1.5) 10 (2.6)
Hair loss 6 (1.5) 4 (1)
Myalgias 4 (1.4) 5 (1.3)
Myelotoxicity 6 (2.2) 1 (0.3)
Hepatotoxicity 5 (1.8) 0
Infections 10 (3.7) 13 (3.4)
Malignancy 0 2 (0.5)
Pancreatitis 1 (0.3) 0

AZA: azathioprine; MMF: mycophenolate mofetil.
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jury, fever, thrombocytopenia, and infections. The MMF group 
had severe peripheral edema and marked neutropenia, which 
led to discontinuation [23].

Survival rate and steroid withdrawal

The analysis revealed no significant difference in overall sur-
vival between the MMF and AZA groups. The pooled OR for 
survival was 1.27 (95% CI: 0.47 - 3.41, I2 = 56%, P = 0.64), 
with moderate heterogeneity among the studies. Dalekos et al 
reported that relapse rates during corticosteroid tapering, or 
discontinuation were similar between MMF (37.8%) and AZA 
(36.1%) groups. By the end of the follow-up period, the ma-
jority of patients in both the MMF (74.6%) and AZA (76.6%) 
groups had successfully discontinued corticosteroids [22]. 
The need for the reintroduction of prednisolone was identical 
between the groups: 42% in the MMF group vs. 39% in the 
AZA group (P > 0.05) [22]. Additionally, the mean cumulative, 
daily, and weekly prednisolone doses were not significantly 
different between the two groups (P = 0.369) [23].

Quality of included studies

The methodological quality of the included studies was evalu-
ated and the findings are presented in Supplementary Material 
5 (gr.elmerpub.com). The Cochrane ROBINS-I tool was used 
to assess the risk of bias. Two independent reviewers (AA and 
MAK) assessed the risk of bias, with a third reviewer (SK) 
resolved any disagreements. The studies exhibited variability 
in quality, ranging from a low to moderate risk of bias. Spe-
cifically, three studies [21-23] were classified as having a low 
risk of bias, indicating a high degree of confidence in their 
findings, whereas seven studies [13-17, 19, 20] were identified 
as having a moderate risk of bias, suggesting some limitations 
in their design or execution. Only one study [18] was deemed 
to have a high risk of bias, primarily due to the small sample 
size and potential biases in the selection of participants and 
assessment of outcomes, which may compromise the validity 
of its conclusions.

Discussion

This systematic review and meta-analysis offers a rigorous 
comparative assessment of the therapeutic efficacy and safety 
profiles of MMF and AZA in the clinical management of AIH. 
These findings indicate that MMF demonstrates superior BR 
rates compared to AZA when utilized as a first-line therapy, 
particularly among AZA-IT or AZA-NR patients. Further-
more, the safety profiles of the two treatments were compa-
rable, with no significant differences in the incidence of AEs. 
The substantial BR rate associated with MMF in this analysis 
is consistent with the conclusions drawn from previous meta-
analyses, although those were constrained by factors such as 
the lack of direct head-to-head comparisons between the drugs 
and the limited availability of newer, higher-quality studies 

with extended follow-up periods [24, 25]. Additionally, more 
recent studies have incorporated the new response criteria and 
endpoints proposed by the International Autoimmune Hepati-
tis Group (IAIHG) [26].

The meta-analysis revealed that MMF achieved a signifi-
cantly higher BR rate than AZA despite the high heterogene-
ity across studies. This study included both treatment-naive 
patients and those who received MMF as a subsequent inter-
vention. Stratified analyses revealed consistent results across 
both treatment-naive patients and those treated with MMF 
as a second-line therapeutic strategy. The sensitivity analysis 
revealed that no single study disproportionately influenced 
the meta-analysis results. Heterogeneity in BR rates suggests 
variations in patients and clinical characteristics across stud-
ies. One study reported a sustained BR at 12 months favoring 
MMF, suggesting that it may provide longer-lasting improve-
ments [22]. Sensitivity analysis limited to treatment-naive pa-
tients with AIH revealed that MMF demonstrated a sustained 
BR compared to AZA. This finding suggests that MMF may be 
a more effective initial treatment option for individuals newly 
diagnosed with AIH. Additionally, the meta-analysis incorpo-
rated a single RCT that reported higher remission rates with 
MMF than with AZA [23]. Snijders et al reported that after 
accounting for the presence of cirrhosis at the time of randomi-
zation, individuals treated with MMF were significantly more 
likely to attain BR at 24 weeks than those receiving AZA (OR: 
3.57, P = 0.017). Dalekos et al reported comparable relapse 
rates and corticosteroid discontinuation between the MMF and 
AZA treatment arms. Additionally, the requirement for pred-
nisolone reintroduction was similar, with no statistically sig-
nificant differences observed in the mean prednisolone doses 
between the two groups [22].

Subgroup analyses revealed that MMF achieved a pooled 
BR rate of 61% among AZA-NR and a comparable remission 
rate of 61.73% in AZA-IT participants, with minimal hetero-
geneity observed in AZA-intolerant studies. Specifically, the 
AZA-NR subgroup experienced a 3.87% relapse rate and a 
31.46% treatment failure rate with MMF, whereas the AZA-IT 
subgroup showed a 5.65% relapse rate and a 17.43% treatment 
failure rate with MMF. However, the data indicate that MMF 
may be less effective in patients who previously failed to re-
spond to AZA, potentially reflecting broader refractoriness 
to immunosuppressive treatment in such cases. These results 
suggest that MMF may be an effective treatment option for 
individuals who are unable to tolerate or respond adequately 
to AZA-based therapy. Consequently, the Hellenic Associa-
tion for the Study of the Liver has recommended MMF as a 
primary treatment option, particularly in specialized autoim-
mune hepatitis centers [27]. Roberts et al examined a cohort of 
cirrhotic AIH patients receiving MMF as second-line therapy. 
Their findings suggest lower response and higher failure rates 
in cirrhotic individuals, regardless of prior AZA intolerance or 
ineffectiveness. Despite the small sample size, the results im-
ply that MMF may be less efficacious in decompensated liver 
disease despite similar tolerability [17]. This finding highlights 
the need for further research on MMF use in patients with cir-
rhotic AIH.

The analysis revealed comparable safety profiles between 
MMF and AZA, with no statistically significant difference in 
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the incidence of AEs. Furthermore, excluding a study with a 
moderate risk of bias revealed fewer AEs with MMF [13]. The 
most common side effects include gastrointestinal issues, in-
fections, and fatigue. Additionally, the analysis demonstrated 
a lower risk of serious AEs with MMF than AZA. The with-
drawal rates due to adverse effects varied widely across stud-
ies, with Giannakopoulos et al reporting a 27% withdrawal 
rate for MMF, primarily due to gastrointestinal discomfort. 
Variability in AEs highlights the need for personalized patient 
management to mitigate side effects and optimize treatment 
adherence. MMF has a high teratogenic potential, so it should 
be avoided during pregnancy and only prescribed with strict 
contraception for women of childbearing age and men plan-
ning fatherhood, as it is absolutely contraindicated during 
pregnancy [28]. In contrast, AZA can be safely administered 
during pregnancy.

The meta-analysis revealed no statistically significant dif-
ference in overall survival between the MMF and AZA treat-
ment groups. Similarly, Dalekos et al reported comparable 
overall survival and liver-related mortality rates between the 
two therapeutic approaches. However, their research identified 
several independent predictors associated with improved liver-
related survival, including shorter disease duration, lack of cir-
rhosis or higher albumin levels at diagnosis, early diagnosis, 
and age at diagnosis under 60 years. Notably, the presence of 
cirrhosis at baseline emerged as a critical determinant of poor 
survival outcomes, corroborating existing evidence [14]. Addi-
tionally, a lower proportion of patients with cirrhosis achieved 
BR than those without cirrhosis (47% vs. 66%, P = 0.07) [17]. 
Decompensated liver cirrhosis, liver transplantation, and death 
were only observed in the AIH AZA-NR group (P < 0.001) 
[15]. These findings underscore the importance of early diag-
nosis and prompt initiation of effective therapy to enhance the 
survival of patients with AIH.

AIH overlap syndromes, which include conditions such as 
primary biliary cirrhosis (AIH-PBC) and primary sclerosing 
cholangitis (AIH-PSC), pose a distinct challenge owing to their 
rarity, resulting in limited knowledge regarding optimal treat-
ment paradigms for this patient group [29]. Individuals with 
overlapping syndromes may present atypical biochemical pro-
files and exhibit variable responses to standard AIH treatments 
[30]. Typically, the AIH component in overlap syndromes is 
managed as AIH [31]. Therapeutic strategies for overlap syn-
dromes are largely empirical, often combining steroids with 
ursodeoxycholic acid (UDCA) [32]. The IAIHG suggests that 
the management of overlap syndromes should be guided by 
predominant clinical manifestations [32]. Regimens targeting 
a single component of the overlap syndrome have shown ef-
ficacy in improving liver function tests in patients with either 
predominant AIH or cholestatic presentation [31]. Patients 
with AIH-PBC who do not fulfill the Paris criteria have dem-
onstrated improvement with standard immunosuppressive 
therapy for AIH, whereas those with predominantly PBC and 
underlying features of AIH have benefited from UDCA alone 
[33]. Combination therapy has been correlated with improved 
laboratory results, stabilization of hepatic fibrosis, and preser-
vation of 5-year transplant-free and 10-year overall survival in 
AIH-PBC patients [34]. However, treatment outcomes in adults 
with AIH-PSC have been inconsistent, with laboratory resolu-

tion occurring less frequently compared to AIH [31]. Further-
more, treatment failure and mortality due to liver failure or the 
necessity for liver transplantation have been more prevalent in 
AIH–PSC than in AIH [31]. The AASLD guidelines suggest 
considering the addition of UDCA to prednisone or predniso-
lone in combination with AZA in both adults and children with 
AIH and overlap syndromes [32]. In the included studies, the 
majority excluded individuals with AIH overlap syndrome, 
with only one study evaluating MMF in this specific patient 
population [15]. Among patients with overlap syndrome, re-
mission was achieved in 57% and 63% of the AZA-NR and 
AZA-IT groups treated with MMF, respectively [15]. Nota-
bly, the study indicated that in AIH overlap syndrome patients, 
AZA non-response did not predict a non-response to MMF, 
unlike in AIH patients without overlap, although the patient 
population with overlap syndrome was relatively small [15]. 
In cases where first- and second-line treatments prove ineffec-
tive, anti-TNF and anti-CD20 therapies might be considered, 
although current data supporting their utilization remain lim-
ited [32, 35]. Rituximab, an anti-CD20 monoclonal antibody, 
has demonstrated potential for B-cell depletion and the man-
agement of refractory hepatic autoimmune overlap syndromes 
accompanied by autoimmune cytopenia [36, 37]. Belimumab, 
a B-lymphocyte stimulator inhibitor employed in systemic lu-
pus erythematosus, may also represent a therapeutic option for 
patients with AIH exhibiting associated autoimmune charac-
teristics [38]. Although calcineurin inhibitors have been em-
ployed in refractory cases, their associated side effect profiles 
may curtail their applicability [39]. Additional investigations 
are warranted to ascertain the optimal utilization of these alter-
native strategies within specific AIH patient subgroups.

Several limitations of the current evidence base merit ac-
knowledgement. The included studies exhibited substantial 
heterogeneity, likely stemming from variations in the study de-
sign, patient populations, diverse geographic regions, outcome 
definitions, differences in dosing regimens, and disparate fol-
low-up durations. Additionally, data on long-term outcomes 
and comparative efficacy of MMF versus AZA in maintain-
ing remission are limited. Furthermore, the predominance of 
retrospective studies has introduced potential selection bias 
and confounding factors. This underscores the need for greater 
standardization of treatment protocols and reporting. Future 
research should explore the use of biomarkers to predict treat-
ment responses and long-term outcomes. Personalized ap-
proaches considering patient-specific factors, such as baseline 
liver function, genetic predisposition, and comorbidities, could 
further optimize treatment strategies for AIH. The results of 
this analysis suggest that MMF may be a viable first-line thera-
peutic option for AIH, particularly in AZA-IT or AZA-NR pa-
tients. The findings indicate that MMF may be more effective 
in achieving both induction and maintenance of remission than 
standard AZA-based regimen, without compromising safety. 
From a cost-effectiveness standpoint, AZA generally remains 
less expensive than MMF, particularly in the US healthcare 
system, and is more widely covered by insurance plans [40]. 
However, a complete picture is more nuanced. Although the 
direct cost of MMF may be higher, especially for branded ver-
sions, this may be offset by other factors. For instance, some 
studies suggest that routine laboratory tests may be performed 
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more frequently in AZA-treated patients, increasing costs [22]. 
In addition, MMF’s potentially superior tolerability could lead 
to fewer hospital admissions and days off due to side effects, 
further influencing overall cost-effectiveness [22]. Despite 
these potential offsets, the initial price difference can still cre-
ate a significant barrier to access for patients without insurance 
or with high-deductible plans. Therefore, clinicians should 
carefully consider these economic factors along with efficacy 
and tolerability when making treatment decisions.

Conclusion

The meta-analysis results indicate that MMF may be a suit-
able primary treatment option for patients with AIH, especially 
those who are treatment-naive, intolerant, or non-responsive to 
AZA-based therapies. The analysis did not reveal any statis-
tically significant differences in overall survival between the 
MMF and AZA treatment groups. Additionally, the safety pro-
files were comparable, with MMF demonstrating a lower risk 
of serious AEs, although the withdrawal rates varied consider-
ably across the included studies. Nonetheless, further research 
is required to evaluate the long-term outcomes and develop 
personalized treatment approaches that account for patient-
specific characteristics, which may optimize the management 
of AIH.
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