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and meta-analysis
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Abstract

Background Autoimmune hepatitis (AlH) is a chronic progressive inflammatory liver disease of immune-mediated
origin, which causes long-term liver inflammation and damage. Traditionally, treatment includes azathioprine (AZA)
combined with steroids, but recent studies have highlighted mycophenolate mofetil (MMF) as a potential alternative,
particularly for patients who do not respond well to AZA.

Aims This study aimed to evaluate the efficacy and safety of MMF versus AZA combined with steroids as first-line
treatment for the management of AlH patients.

Methods A comprehensive systematic review was conducted using the keywords: mycophenolate mofetil, Cellcept,
and autoimmune hepatitis. Studies comparing MMF to AZA combined with steroids in treatment-naive patients

with AIH were included. Efficacy was assessed based on complete biochemical remission (CBR), non-response, and
relapse rates. Safety was evaluated on the basis of the incidence of serious adverse effects that led to treatment
discontinuation. Statistical analysis included calculation of odds ratios (OR) and 95% confidence intervals (Cl).

Results Out of 344 search results, four studies met the inclusion criteria, encompassing a total of 512 patients. MMF
combined with prednisolone significantly improved both short-term CBR rates (OR, 2.56; 95% Cl, 1.18-5.55) and
long-term CBR rates (OR, 5.51; 95% Cl, 1.7-17.91) compared to AZA combined with prednisolone. Furthermore, MMF
treatment was associated with a significantly lower occurrence of serious adverse events (OR, 0.15; 95% Cl, 0.07-0.34).

Conclusions Compared to AZA-based regimens, MMF-based first-line therapy for AIH appears to be a more
promising, effective, and safe treatment option, yielding higher CBR rates and fewer serious adverse events requiring
treatment discontinuation.
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Introduction

Autoimmune hepatitis (AIH) is a rare, chronic, progres-
sive, immune-mediated disease that affects the liver, lead-
ing to prolonged inflammation and liver damage, and is
characterized by considerable heterogeneity [1-3]. This
disease affects individuals of any age or ethnic back-
ground, with a higher prevalence among adult females
and girls [4, 5]. However, advanced AIH is more com-
monly observed in male patients at the first evaluation
and is associated with poorer outcomes than in females
[6]. Recently, AIH has been reported with highest preva-
lence in countries with high human development indices,
among elderly patients, at high latitudes of more than
45 degrees, and within North American populations [4,
7, 8]. The diagnosis of AIH is characterized by elevated
levels of serum immunoglobulins, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and one
or more characteristic circulating autoantibodies, the
histological presence of portal or lobular hepatitis with
absence of viral hepatitis markers, and the responsiveness
to immunosuppressive therapy [4-6, 9, 10]. However,
owing to the variability in transaminase levels, accu-
rate diagnosis is confirmed through liver biopsy and the
detection of autoantibodies [6]. The clinical manifesta-
tions of symptomatic AIH typically include chronic liver
disease symptoms, fatigue, abdominal discomfort, aching
joints, itching, jaundice, enlarged liver, nausea, and spider
angiomas on the skin [2, 11]. Additionally, patients may
be asymptomatic or present with a fulminant form of the
disease, such as acute severe hepatitis or acute hepatic
failure [9]. If untreated, AIH can progress to complica-
tions such as ascites, fibrosis, cirrhosis, hepatic failure,
and death [9, 11, 12]. Therefore, early diagnosis is impor-
tant to prevent a worse prognosis [3, 6].

Despite the unknown etiology, it is believed that the
disease may develop due to certain genetic factors that,
when present, interact with unknown environmental fac-
tors to trigger a T cell-mediated immune reaction that
attacks hepatocytes [11, 12]. Therefore, immunosuppres-
sion and suppression of inflammatory activity are cru-
cial in AIH treatment and should be started as soon as
the diagnosis is confirmed to be lifesaving and to prevent
disease progression [5, 13]. The duration of immunosup-
pressive therapy should be at least 3-5 years, and contin-
ued for at least 2 years after the achievement of complete
biochemical remission (CBR) with confirmatory liver
biopsy results before treatment discontinuation [6]. The
combination of high doses of prednisone or predniso-
lone and azathioprine (AZA) to induce and maintain
remission is considered the first-line and standard of care
(SOC) treatment for AIH management [13, 14]. However,
major and serious concerns have evolved regarding such
recommendations, indicating a therapeutic bias [6].
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In 2020, the guidelines of the American Association for
the Study of Liver Diseases recommended second-line
treatment regimens for patients who experienced failure
or intolerance to SOC treatment. Among these, myco-
phenolate mofetil (MMF) is a promising salvage therapy
for AZA when combined with prednisolone [9]. Zachou
et al. [15] reported a persistent 75% remission rate in
patients with AIH after complete withdrawal of MMF/
prednisolone following their treatment for a median
period of 24 months. In 2019, a meta-analysis focus-
ing on first-line therapies evaluated the efficacy of MMF
against SOC for AIH in eight studies, which included not
only treatment-naive patients, but also those unrespon-
sive or intolerant to SOC treatment. The MMF/predni-
sone combination proved superior to SOC (prednisone/
AZA) in normalizing the serum levels of ALT, AST, and
immunoglobulins and reducing treatment failure rates
[5]. In this review, we aimed to assess the efficacy and
safety of MMF versus AZA, combined with steroids, as
first-line treatment for the management of AIH in treat-
ment-naive patients.

Methods

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA)
statement guidelines [16]. A comprehensive search for
evidence was conducted across multiple databases,
including MEDLINE via PubMed, Cochrane Central
Library, and Google Scholar. Furthermore, trial registries
such as clinicaltrials.gov and the World Health Organi-
zation International Clinical Trials Registry Platform
(WHO-ICTRP) were searched, with no restrictions on
the study language or publication date. The keywords
used included autoimmune hepatitis, mycophenolate
mofetil and Cellcept [17]. The initial search was con-
ducted in June 2024, and the last search was performed
on July 2nd, 2024. A detailed search strategy is presented
in Supplementary Table 1.

Studies were imported into Mendeley Reference Man-
ager version 2.120.3. After duplicate removal, the titles
and abstracts were screened by two independent review-
ers (A. A. and A. A.) for further full-text consideration
according to the inclusion and exclusion criteria. Dis-
crepancies were resolved through discussion or consulta-
tion with a third reviewer (M. A.). The inclusion in the
current review considers full-text articles comparing
MMF/prednisone (or prednisolone) to SOC treatment
(AZA/prednisone (or prednisolone)) with at least one
outcome of interest. Patients treated with monotherapies
such as prednisolone, AZA, or MMF were excluded from
the quantitative analysis. The primary outcome was the
efficacy of MMF as a first-line treatment for achieving
CBR, defined as the ability to normalize immunoglobu-
lin G and transaminase levels [3]. CBR was considered
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short-term if assessed within 6 months after starting
the treatment and long-term if assessed after one year
or more. Other outcomes included non-response rates,
relapse rates and medication safety, with non-response
defined as a<50% decrease in aminotransferase levels at
4 weeks post-treatment initiation. Relapse was defined
as any significant increase in aminotransferases and/or
immunoglobulins at any time point after prior CBR [3].
Safety was assessed on the basis of the rate of adverse
events that required treatment discontinuation. Only
studies with separate results in treatment-naive patients
were considered.

Excluded articles included reviews, study protocols,
case reports, editorials, abstracts, oral presentations, and
studies not comparing MMF to SOC. Studies assessing
MMEF in primary biliary or sclerosing cholangitis-auto-
immune hepatitis overlap syndromes were also excluded,
as were studies using MMF as second-line or rescue
treatment, or for patients who were intolerant or refrac-
tory to SOC. If different populations were included, only
data relevant to treatment-naive subjects were analyzed,
provided that they were described separately.

Two reviewers (A. A. and A. A.) extracted relevant data
from each study into a structured sheet using Microsoft
Excel version 2410. Extracted data included study year,
study design, country, number of patients within each
study arm, total follow-up period, and MMF dose.

The two reviewers (A. A. and A. A.) assessed the
potential bias in the study design and the methods imple-
mented in the included studies. Cochrane tools for bias
assessment were used, namely the RoB-2 tool for ran-
domized controlled trials (RCTs) and the ROBINS-I tool
for non-randomized studies.

Review Manager (RevMan), version 5.4. the Cochrane
Collaboration 2020 software was used for data analysis
and plot drawing. Odds ratios (OR) were used to assess
differences between interventions. The Mantel-Haenszel
method was used to estimate the weighted average, pro-
vided that the number of available studies was small. The
random-effects model was used to account for heteroge-
neity among the included studies. Statistical significance
was set at p<0.05, and for the chi-square test of hetero-
geneity, a p-value<0.1 was considered significant. The
I? statistic was used to assess the heterogeneity between
studies, with values below 25% indicating no heterogene-
ity, 25-50% indicating low heterogeneity, 50-75% indi-
cating moderate heterogeneity, and values above 75%
indicating high heterogeneity. A sensitivity analysis was
conducted to check whether using a fixed-effects model
instead of a random-effects model would alter the results.
The review methods were established and agreed upon by
the authors before the commencement of the review. The
only deviation was the addition of a sensitivity analysis,

Page 3 of 11

which was conducted after excluding one study due to a
suspected overlap in participant populations.

Results

Till July 2024, the databases’ search yielded 344 studies:
280 from PubMed, 30 from the Cochrane CENTRAL
library, 23 from Google Scholar, five from clinicaltrials.
gov, and six from WHO-ICTRP. Forty duplicates were
removed and the remaining 304 studies were screened
for relevance. Of these, twenty-two studies were consid-
ered for full-text screening, with five studies, including
613 patients met the inclusion criteria. The PRISMA flow
diagram of the search is shown in Fig. 1.

The study by Hlivko et al. [18] was excluded despite
the inclusion of 17 treatment-naive patients receiving
a MMF-based regimen; however, pooled results from
treatment-naive patients and those prescribed MMF
owing to AZA intolerance were the only reported results.
More than 70% of the patients included in our analysis
were females, which is consistent with the known demo-
graphic prevalence of AIH. Only one of the included
studies was an RCT [19]. The four studies included
in the quantitative analysis followed the International
Autoimmune Hepatitis Group (IAIHG) guidelines [20]
for patient diagnosis, excluding those with primary bili-
ary cholangitis/AIH or primary sclerosing cholangitis/
AIH variants, burned-out cirrhosis, and other liver dis-
eases, including viral, metabolic, and genetic causes. The
characteristics of the included studies are summarized in
Table 1. All studies included in this review reported no
funding received or disclosed no competing interests.

All studies compared MMF administered at 1-2 g
daily to AZA administered at 1-2 mg/kg/day. Predniso-
lone was used alongside at an initial dose range of 0.5 to
1 mg/kg daily with similar tapering schedules across all
studies. The detailed dosing and tapering schedules for
MME, AZA, and prednisolone in each study are shown
in Table 2.

Effect of MMF on complete biochemical remission
response (CBR)

Compared to SOC, MMF combined with prednisolone
significantly improved short-term CBR (OR, 2.56; 95%
CI, [1.18-5.55], p=0.02, I*=46%) (Fig. 2), indicating that
MMEF/prednisolone was associated with a higher rate of
achieving short-term CBR.

Only two studies assessed long-term CBR, where sig-
nificantly higher CBR rates were observed using MMF/
prednisolone (OR, 5.51; 95% CI, [1.7-17.91], p=0.005,
1>=17%) (Fig. 2).

Effect of MMF on non-response rate
MMF/prednisolone regimens did not significantly dif-
fer from SOC (OR, 0.53; 95% CI, [0.21-1.32], p=0.17;
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers ]
o
Records removed before
5 Records identified from*: screening:
= e Databases: Duplicate records removed
o PubMed (n = 280) | > (n =40)
= Cochrane CENTRAL (n = 30) Records marked as ineligible
S Google Scholar (n = 23) by automation tools (n = 0)
2 e  Trial Registers (n = 11) Records removed for other
reasons (n =0)
——
A4
)
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Not an original study (n =.12)
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= Studies included in review
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° Reports of included studies
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*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the
total number across all databases/registers).

**|f automation tools were used, indicate how many records were excluded by a human and how many were excluded by
automation tools.

Source: Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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Fig. 1 PRISMA flow diagram of the selection process
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Table 1 Characteristics of the included studies
Author Year Country Design Treatment  Number of participants  Total Diagnostic Female Age MMF
duration MMF +Pred AZA+Pred Num- Criteria (%) (years) Dose
ber of (mg/
Patients day)
Dalekoset 2022 Greece Prospective 3-5 years 32 32 64 IAIHG 7190% 54.5 1500-
al. [21] propensity 2000
matching
trial
Dalekoset 2022 Greece Prospec- 50months 183 64 247 IAIHG 7327% 50 1500-
al. [23] tive cohort 2000
study
Hlivko etal. 2008 USA Retrospec- 13 months 16 85 101 AASLD 83% 428 500-
[18] tive cohort 2000
study
Snijderset 2024 Nether- RCT 24 weeks 39 31 70 IAIHG 7290% 579 1000-
al.[19] lands +Belgium 2000
Zachouet 2016 Greece Prospec- 72months 109 22 131 IAIHG 7340% 475 1500-
al.[15] tive cohort 2000
study

Abbreviations: AASLD American association for the study of liver diseases, AZA Azathioprine, IAIHG International autoimmune hepatitis group, MMF Mycophenolate
Mofetil, Pred Prednisolone, RCT randomized controlled trial

Table 2 Treatment regimens of prednisolone, azathioprine, and mycophenolate mofetil across included studies

Study Prednisolone Tapering Schedule AZA Starting Dose Final Dose MMF Dose Final
Starting At Week Dose Changes Starting  Changes Dose
1 Dose Dose
Dale-  0.5-1mg/kg/day Tapered by 5 mg every other 50 mg started at  Increased by 150 mg 1 gstarted Increased 29
kos week starting from week 3 to week 3 25 mg every atweek1 tol5gon
etal. week 10 then by 5 mg weekly 2 weeks week 3 then
[21] from week 11 to week 14 then by from week to2gon
2.5 mg weekly thereafter up to 5 to week week 4
complete withdrawal 8 then by
50mgon
week 9
Dale-  0.5-1mg/kg/day Tapered by 5 mg every other 50 mg started at  Increased by 150 mg 1 gstarted Increased 29
kos week starting from week 3 to week 3 25 mg every atweek1 tol1.5gon
etal. week 10 then by 5 mg weekly 2 weeks week 3 then
[23] from week 11 to week 14 then by from week to2gon
2.5 mg weekly thereafter up to 5 to week week 4
complete withdrawal 8 then by
50mgon
week 9
Sni- 40 mg for Tapered down to 15 mg over 5 50 mg started at  Increased by 100 mg 1 gstarted Increased 29
jders  patients<80kg  weeks and then by 2.5 mg week-  week 5 50mgon atweek5 to2gon
etal.  and 60 mg for ly over another 5 weeks then week 7 week 7
[19] patients>80kg  the patients were maintained on
5 mg from week 11 to the end of
the study
Zach-  0.5-1 mg/kg/day 5 mg per week till the dose of 1.5 mg/kg/day  Unclear 2 mg/kg/day 1 g/day Gradually 1.5-
ou et 15 mg and then the tapering increased 29
al. [15] rate was 2.5 mg per week ac- to1.5-2g9/  daily
cording to the biochemical and day after 3
clinical response until complete weeks

withdrawal

Abbreviations: AZA Azathioprine, MMF Mycophenolate Mofetil
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MMF+Pred Aza+Pred Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Dalekos et al. Jan 2022 30 32 26 32 15.2% 3.46 [0.64, 18.65]

Dalekos et al. Sept 2022 158 188 39 47 32.8% 1.08[0.46, 2.54]

Snijders etal. 22 39 ] 31 28.6% 316[1.16, 8.61) —

Zachou et al. 102 109 16 22 23.4% 5.46[1.63,18.34] e E— (A)

Total (95% ClI) 368 132 100.0% 2.56 [1.18, 5.55] -

Total events M2 90

Heterogeneity: Tau®= 0.28; Chi*= 5.59, df= 3 (P = 0.13); F= 46% =IJ 0 051 1 1?0 1001

Testfor overall effect Z=2.38 (P=0.02) . Favours Aza+Pred Favours MMF+Pred
MMF+Pred Aza+Pred Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Dalekos etal. Jan 2022 31 32 22 32 271% 14.09[1.68,118.22) . E—

Dalekos et al. Sept 2022 186 193 41 47 72.9% 3.891.24,12189) —— B)

Total (95% Cl) 225 79 100.0% 5.51[1.70, 17.91] =2

Total events 217 63

Heterogeneity: Tau®= 0.16; Chi*=1.21, df=1 (P=0.27); F=17% 0 =U1 051 150 160

Test for overall effect: Z= 2.84 (P = 0.005)

Favours Aza+Pred Favours MMF +Pred

Fig. 2 Forest plot of (A) short-term and (B) long-term complete biochemical remission achieved by mycophenolate mofetil vs. azathioprine both com-

bined with prednisolone in subjects with autoimmune hepatitis

MMF + Pred Aza + Pred Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dalekos et al. Jan 2022 2 32 2 32 16.4% 1.00[0.13,7.57] —
Dalekos et al. Sept 2022 14 182 11 57 47.2% 0.35[0.15,0.82] ——
Snijders et al. 6 39 4 31 29.0% 1.23[0.31, 4.80) —
Zachou et al. 0 109 1 22 7.4% 0.07 [0.00, 1.66] (A)
Total (95% CI) 362 142 100.0% 0.53[0.21, 1.32] s
Total events 22 18
Heterogeneity: Tau®= 0.28; Chi*= 4.33, df=3 (P=0.23); F=31% ) t t }
Test for overall effect: Z=1.36 (P=0.17) L00e Favours N?N:F +Pred Favours1AUza +Pred add
MMF + Pred Aza + Pred Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dalekos et al. Jan 2022 8 32 11 32 21.0% 0.64[0.22,1.88]
Dalekos et al. Sept 2022 73 183 17 47 56.2% 1.07 [0.55, 2.08)
Zachou et al. 24 109 6 22 227% 0.75[0.27,2.13) — T (B)
Total (95% CI) 334 101 100.0% 0.89 [0.54, 1.46] -
Total events 105 34
Heterogeneity: Tau®= 0.00; Chi*= 0.78, df= 2 (P = 0.68); F=0% =U 01 0=1 110 1UD=
Test for overall effect: Z=0.47 (P = 0.64) ’ Favours MMF + Pred Favours Aza + Pred
MMF + Pred AZA +Pred Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dalekos et al. Jan 2022 0 32 ] 32 7.8% 0.04 [0.00, 0.69]
Dalekos et al. Sept 2022 7 183 12 64 B7.7% 0.17 [0.06, 0.46] ——
Snijders etal. 2 39 8 3 245% 0.16[0.03, 0.80] . E— (C)
Total (95% CI) 254 127 100.0% 0.15[0.07, 0.34] R
Total events 9 29
Heterogeneity: Tau*= 0.00; Chi*=1.03, df= 2 (P = 0.60); F=0% 0?002 051 150 50?0

Test for overall effect: Z= 4.61 (P < 0.00001)

Favours MMF + Pred Favours AZA + Pred

Fig. 3 Forest plot of (A) nonresponse rate assessed 4 weeks after immunosuppression initiation, (B) relapse rate following corticosteroid withdrawal

in mycophenolate mofetil vs. azathioprine-treated subjects with AIH and
treatment intolerance

>=31%) (Fig. 3). It is worth noting that non-response
was assessed 4 weeks after initiation, as these drugs were
started a few weeks after prednisolone administration in
some studies (Table 2).

(C) rates of treatment discontinuation as a result of serious adverse effects or

Effect of MMF on relapse rate

Relapses following corticosteroid withdrawal in treat-
ment-naive AIH patients treated with either MMF or
AZA showed no significant differences (OR, 0.89; 95%
CI, [0.54—1.46), p = 0.64; I>= 0%) (Fig. 3).



Ali et al. BMC Gastroenterology (2025) 25:613

Table 3 Adverse effects requiring treatment discontinuation in
included studies

Study MMF +Pred Total AZA +Pred group Total
group events events
Dale-  None 0/32 Severe lower respiratory 9/32
kos et tract infection (n=1)
al. [21] Severe herpes simplex virus
stomatitis (n=1)
Leukopenia (n=2)
Thrombocytopenia (n=1)
Marked increase in hepatic
transaminases (n=4)
Dale- Intolerance  7/183  Intolerance (myelotoxicity 12/64
koset (rash devel- and hepatotoxicity) (n=9)
al.[23]  opment) Severe infections (n=3)
(n=1)
Severe infec-
tions (n=4)
Lymphoma
(n=1)
Melanoma
(n=1)
Sni- Severe 2/39 Malaise (n=1) 8/31
jders  periph- Drug-induced liver injury,
etal. eral oedema fever and thrombocytope-
[19] (n=1) nia(n=1)

Neutropenia
(n=1)

Influenza B pneumonia

(n=1)

Mortality (n=1)

Severe gastrointestinal
symptoms (nausea and
vomiting) (n=4)

Abbreviations: AZA Azathioprine, MMF Mycophenolate Mofetil, Pred
Prednisolone

Effect of MMF on patient safety
A comparison of the safety of MMEF/prednisolone and
AZA/prednisolone showed significantly fewer patients
requiring treatment discontinuation due to serious
adverse effects or intolerance to the MMF regimen (OR,
0.15; 95% CI, [0.07-0.34], p<0.00001, I*=0%) (Fig. 3).
Detailed descriptions of the serious adverse effects lead-
ing to treatment discontinuation are presented in Table 3.
Adverse events included severe infections, malignancy,
rash, peripheral edema, and neutropenia for MMF and
severe infections, severe gastrointestinal adverse effects,
hepatotoxicity, and myelotoxicity for AZA (Table 3).
Regarding the safety of MMF in females of childbear-
ing age, all four included trials consistently reported that
MME is absolutely contraindicated during pregnancy and
that women of childbearing potential should use effective
contraception throughout the study period. One of the
four studies also extended this precaution to male par-
ticipants who were planning to conceive, advising them
to use effective contraception as well [21]. The remain-
ing three trials adopted stricter measures, requiring a
negative pregnancy test prior to enrollment and mandat-
ing the use of dual contraception from the initiation of
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treatment until six months after its discontinuation [19,
22,23].

Notably, the 2016 study classified both MMF and AZA
as FDA pregnancy category D medications [21]. In con-
trast, the two trials published in 2022 highlighted the
greater teratogenic potential of MMF compared to AZA
[22, 23]. The most recent trial from 2024 emphasized that
AZA is considered safe during pregnancy and may be a
suitable treatment option for women in this period [19].

Risk of bias assessment

The RCT by Snijders et al. showed a high overall risk of
bias as an open-label trial, as assessed using the RoB-2
criteria. The remaining three studies had an overall mod-
erate risk of bias according to the ROBINS-I criteria. The
detailed bias assessment results are shown in Supple-
mentary Table 2. Publication bias could not be assessed
using funnel plots or Egger’s test because the number of
included studies was small (less than 10).

Sensitivity analysis

Using a fixed-effects model instead of a random-effects
model did not alter the results, except for the non-
response rate. The fixed-effects model showed that MMF
in combination with prednisolone had significantly lower
rates of non-response compared to SOC (OR, 0.51; 95%
CI, [0.27-0.99], p=0.04). As three of the four included
studies were conducted at the same center in Greece, we
suspected a potential overlap in the study population.
To address this, we conducted a sensitivity analysis by
excluding one of the studies that had a coinciding time-
frame. Exclusion of this study did not alter the outcomes
of our analyses.

Discussion

To our knowledge, this is the first meta-analysis to com-
pare the efficacy and safety of a MMF-based regimen
versus SOC treatment as first-line treatment for AIH in
treatment-naive patients in terms of CBR, non-response
rate, relapse rate, and adverse events requiring treatment
discontinuation. In 2019, a meta-analysis encompassing
eight studies highlighted the beneficial effects of MMF
in managing AIH. However, it included both patients
using MMF combined with steroids as first-line therapy
and those who switched from AZA-based SOC therapy
to MMF in case of AZA intolerance as second-line treat-
ment [5]. In October 2024, the Hellenic Association for
the Study of the Liver (HASL) clinical practice guidelines
[6] recommended the use of MMF as first-line treatment
in combination with steroids and considered it a superior
alternative to AZA-based regimens. This recommenda-
tion was based on the results of a recently published RCT
[19] that confirmed the superior results of MMF in pre-
viously published observational studies [15, 18, 22—-24].
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In this review, data from four studies, including 512
patients followed for 24 weeks to 5 years, were collected
and analyzed. The primary findings were higher rates of
short- and long-term CBR and a better safety profile with
fewer patients requiring treatment discontinuation due
to adverse events for MMF-based regimens.

Most patients in our meta-analysis were females, par-
ticularly those in the fifth and sixth decades of life. This
aligns with the reported incidence and prevalence of
AIH among adult females globally [7]. To ensure accu-
racy and consistency, the study by Hlivko et al. [18] was
excluded from the quantitative analysis because it mixed
the results from treatment-naive patients with those who
were intolerant to AZA and prescribed MMF. Across the
four studies included, patients met the simplified IAIHG
diagnostic criteria, showing laboratory abnormalities in
liver transaminases, absence of viral hepatitis, elevated
serum immunoglobulin G, abnormal serology with
increased autoantibody levels, and supportive histologi-
cal findings [20].

Moreover, our meta-analysis revealed promising out-
comes among treatment-naive patients receiving MMEF/
prednisolone, showing significantly higher rates of both
short-term (<6 months) and long-term (=1 year) CBR
with low to no heterogeneity. This finding aligns with that
reported by Yu ZJ et al., who highlighted higher remis-
sion rates in patients receiving MMF combined with
prednisolone as first- or second-line compared to SOC
treatment [5].

However, it has been previously reported that MMF
has lower efficacy if used as second-line therapy, espe-
cially in patients with cirrhosis combined with AIH, due
to disease resistance rather than reduced MMF effective-
ness [25, 26]. Ngu et al. identified that failure to achieve
complete normalization of ALT at 6 months, hypoalbu-
minemia, and age <20 or > 60 years at diagnosis are indi-
cators of poorer outcomes and predictors of liver-related
mortality or transplantation need [27]. This indicates that
achieving a positive CBR will likely lead to better dis-
ease prognosis. Dalekos et al. [23] reported that patients
treated with MMF showed higher rates of short- and
long-term CBR and lower non-response rates, even with
concurrent autoimmune diseases and positive antibodies
against soluble liver/liver pancreas antigens.

Regarding the non-response rate, MMF treatment
had comparable results to SOC using the random-effect
model but showed significantly lower non-response
rates in the fixed-effects model. This difference may be
due to the greater weight imparted by the fixed-effect
model in the Dalekos et al. [23] study, which had a large
sample size and reported lower non-response rates with
MME-based therapy [28]. Zachou et al. [24] supported
these findings, noting that MMF as a first-line therapy
for treatment-naive AIH patients is effective in achieving
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and maintaining remission with low non-response rates.
However, Snijders et al. [17] reported comparable non-
response rates between MMF and AZA at 4 and 8 weeks.
Moreover, a larger meta-analysis, including 583 partici-
pants and comparing SOC treatment with MMF-based
regimens, also confirmed lower rates of non-response
among those receiving MMF-based regimens [5].

During AIH management, steroid tapering may lead to
relapse after the achievement of CBR [29]. According to
the IAIHG criteria, relapse is defined as the reappearance
of ALT levels more than three times the upper limit of
normal after prior CBR; however, milder elevations and/
or increased IgG levels may sometimes occur. Compara-
ble results were observed in our meta-analysis for either
MMEF or AZA combined with steroids with respect to
the rate of relapse following corticosteroid withdrawal
in treatment-naive patients with AIH. Zachou et al. [15]
reported that neither achieving complete response nor
experiencing prior relapse during treatment affected
remission maintenance after treatment discontinuation.
Only the duration of MMF therapy was the strongest
independent predictor, with longer treatment duration
correlating with lower relapse rates after steroid tapering
[15]. Interestingly, patients treated with MMF were more
likely to discontinue steroids compared to those treated
with AZA [9, 30]. Current guidelines recommend steroid
discontinuation after at least three years of treatment and
at least two years of sustained CBR to minimize the risk
of relapse [29].

Also, the updated EASL clinical practice guidelines
recommend that corticosteroid tapering be guided by
biochemical response, particularly transaminase nor-
malization, to avoid under-treatment or relapse due to
premature withdrawal [31]. Therefore, an additional con-
sideration is the variability in corticosteroid tapering pro-
tocols across included studies. While only one trial [15]
explicitly adjusted tapering based on clinical and bio-
chemical response, the rest of the included trials followed
fixed schedules or did not clearly specify their tapering
criteria [19, 22, 23]. Nonetheless, all studies used com-
parable treatment targets and applied the same tapering
strategy within both treatment arms. Therefore, while
these differences may introduce minor clinical hetero-
geneity, they are unlikely to have significantly influenced
the direction or consistency of the pooled treatment
effect.

Histological remission represents an important thera-
peutic objective in AIH and is defined by a modified
Histological Activity Index (mHAI) score of <4/18 that
could be evaluated at least 12 months following the ini-
tiation of immunosuppressive therapy or during any
time point in subsequent follow-up [6]. Despite its clini-
cal relevance, histological outcomes were sparsely and
inconsistently reported across the studies included in
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this meta-analysis. In the study by Dalekos et al. [23],
liver biopsy results were available for only 48 out of 247
patients at follow-up, as histological evaluation was
restricted to patients who were eligible for treatment
withdrawal and consented to the biopsy, highlighting
the procedure’s limited applicability due to ethical and
acceptability concerns. Additionally, Dalekos et al. pro-
pensity-matched trial [22], biopsy data were available
for only 4 patients before and after treatment. A third
included study by Zachou et al. [15] employed a different
histological scoring system, the original Knodell Histo-
logic Activity Index, rather than mHAI, which precluded
meaningful comparison between MMF and AZA on his-
tological level.

MMF showed a favorable safety profile, with fewer
patients needing treatment discontinuation owing to
serious adverse events or intolerance. Consistent with
these findings, Zachou et al. reported minimal seri-
ous adverse events among MMF-treated patients [24].
Furthermore, Snijders et al. [19] reported higher dis-
continuation rates among AZA-treated patients due to
drug-related adverse events, such as nausea and vomit-
ing [19]. MMF’s favorable safety profile extended to its
use as a second-line treatment in another meta-analysis
that reported low adverse event rates and, accordingly,
low discontinuation rates [32]. Kolev et al. [33] reported
that only 8% discontinuation because of adverse events
was observed among the included patients. Importantly,
reproductive safety must be considered when selecting
immunosuppressive therapy. MMF is highly teratogenic,
absolutely contraindicated during pregnancy and should
be stopped at least 12 weeks prior conception [34]. Its
use requires effective contraception in both women of
childbearing age and in men planning to father a child.
In contrast, AZA is considered safe for use during preg-
nancy, particularly in cases where the benefits outweigh
the potential risks [34]. Recent guidelines recommend
the continuation of AZA therapy during pregnancy, as
it is associated with better maternal and fetal outcomes.
However, given its classification as a category D drug,
appropriate counseling regarding potential risks is essen-
tial [34, 35]. This important safety difference supports the
preferential use of AZA over MMF in patients of repro-
ductive age [19]. Accordingly, in three of the included
trials female patients were required to test negative for
pregnancy at screening and to use, or agree to use, two
effective forms of contraception, such as partner con-
doms, hormonal methods, diaphragms, copper intrauter-
ine device, sponges, or spermicides [15, 22, 23]. In the
study by Snijders et al. [19], instead of mandatory contra-
ceptive measures, females of childbearing potential and
men intending to conceive were advised about MMF’s
potential teratogenicity and were counseled to maintain
effective contraception during the study period.
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Our meta-analysis, combined with other real-world
studies, propensity-matching trials, and meta-analyses,
suggests that MMF is a reliable and effective first-line
treatment option apart from AZA for inducing and
maintaining remission. It should be emphasized that rec-
ommendations for induction treatment with AZA-based
regimens were based on RCTs conducted in the past 50
years with the inevitable inherent problems of no inves-
tigation for HCV, whereas the criteria of response were
largely different from those recently endorsed by the
IAIHG [30], with the last report published almost 30
years ago [36-38].

One of the included studies, Dalekos et al. [22]
employed a strict propensity score matching approach
to reduce selection bias, taking into account multiple
clinical, biochemical, and histological factors that could
affect the response to treatment. While this strengthens
internal validity, as acknowledged by the authors them-
selves, such a design cannot fully eliminate bias from
unmeasured confounders such as treatment adherence,
timing of therapy initiation or other undocumented fac-
tors. Moreover, unmatched patients in this trial exhibited
significant differences in disease duration, fibrosis score,
acute presentation and IgG levels. Therefore, although
the study contributes valuable real-world data, its obser-
vational nature may still influence the pooled treatment
effect in this meta-analysis.

This meta-analysis has several limitations: few studies
were included, and large-scale RCTs data was lacking.
Notably, the three non-randomized trials included in this
review were conducted at a single center in Greece, rais-
ing concern about potential population overlap; efforts to
contact the authors for clarification were unsuccessful.
Furthermore, data on histological remission using stan-
dardized mHAI criteria were either missing or incon-
sistently reported across the included studies, thereby
limiting the ability to fully evaluate the complete disease
remission. Besides, the absence of Child-Turcotte-Pugh
and Model for End-Stage Liver Disease (MELD) scores
in most included studies limited our ability to assess
treatment outcomes in relation to baseline liver disease
severity, with only one study reporting significant MELD
reduction in MMF and AZA groups but without signifi-
cant between-group differences [19]. The overall mod-
erate to high bias in the studies included increases the
need for RCTs to confirm MMF’s promising results as a
first-line treatment in AIH management. Although one
study used strict propensity score matching [22], residual
confounding from unmeasured factors cannot be ruled
out. However, the rarity of the disease and therapeutic
bias in recommending AZA-based regimens as a first-
line treatment option for AIH enhances the significance
of the results of this meta-analysis. Importantly, none
of the studies included provided sufficient economic



Ali et al. BMC Gastroenterology (2025) 25:613

data to evaluate the cost-effectiveness of MMF as a first-
line treatment option underscoring the need for future
research addressing this important aspect.

Conclusion

Compared to AZA-based regimens, MMF-based first-
line therapy for AIH appears to be a more promising,
effective, and safe treatment option, yielding higher CBR
rates and fewer serious adverse events requiring treat-
ment discontinuation.
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