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Background: Eighty percent (80%) of patients with Autoimmune hepatitis (AIH) respond to a combination
of prednisolone and Azathioprine (AZA). Choice of treatment is limited for those who do not respond to this
standard therapy. We evaluated the role of Mycophenolate mofetil (MMF) as a second line therapy in AIH.
Method: A retrospective observational study was carried out on all patients who received MMF for AIH. Results:
Twenty out of 117 patients with AIH received MMF due to AZA intolerance (18 patients) or refractory disease (2
patients).Median age of the study patients was 56 (18–79) years,Male, n = 3 (15%) and Female, n = 18 (85%). After a
median follow-up period of 47 (5–83)months, 14 (73.6%) patients were still onMMFwith biochemical remission,
including 4 out of 5 patients with cirrhosis. One patient was lost to follow-up. Three patients were intolerant of
MMF due to adverse events, and two had disease refractory to MMF. Both these patients with refractory disease
to MMF were initially unresponsive to AZA therapy. Conclusion:MMF is a safe second line agent in patients with
autoimmune hepatitis including those with cirrhosis. ( J CLIN EXP HEPATOL 2014;4:221–225)
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Autoimmune hepatitis (AIH) is characterized by an
immune-mediated injury to the hepatocytes that
leads to inflammation, necrosis and fibrosis. It is

more prevalent in females and can affect all age groups.
AIH can encompass a broad spectrum of clinical presenta-
tions from the asymptomatic patient with abnormal liver
function tests through to fulminant hepatic failure. The
diagnosis is made on clinical, biochemical, immunological
and histological parameters that comply with agreed inter-
national criteria.1,2 Eighty percent of patients respond to
the standard therapy of combination corticosteroid and
Azathioprine (AZA). Unfortunately, the treatment
options for patients who fail to respond to standard
therapy have historically been limited. But, the range of
drugs for the treatment of AIH is broadening with
clinicians looking to evaluate the role of alternative
immunosuppressive and biological agents including
Mycophenolate mofetil (MMF),3 budesonide,4 tacroli-
mus,5 cyclosporine6 and others.7,8
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MMF is a potent immunosuppressant that blocks pu-
rine biosynthesis. It has been used extensively organ trans-
plantation settings.9–11 Earlier observational studies have
implied that MMF is a good second line agent for
patients who fail to respond to, or who cannot tolerate
AZA.12

The aim of the present study was to assess the indica-
tions and tolerability of second line therapy (MMF) in pa-
tients who did not tolerate azathioprine. The clinical
efficacy ofMMF for the treatment of AIHwas also assessed.
METHODS

A retrospective case note review was performed from the
South West Liver Unit (Plymouth, United Kingdom) data-
base identifying adult patients diagnosed with AIH from
January 2000 to May 2010. Patients were diagnosed with
AIH according to internationally agreed Hennes
criteria.1,2,13 Patients included in the study were all
patients with a diagnosis of AIH from the ages of 18
years onwards identified from the database. Patients were
excluded from the study if they had co-existent liver dis-
eases including: chronic hepatitis C infection, chronic hep-
atitis B infection, alcoholic liver disease as defined by an
alcohol consumption >40 g alcohol/day in females and
>60 g alcohol/day inmales, fatty liver disease, previous liver
transplantation, or hepatocellular carcinoma.

Biochemical parameters recorded included: bilirubin
(mmol/L), alanine aminotransferase (ALT, IU/L), aspartate
aminotransferase (AST, IU/L), albumin (g/dL), alkaline
phosphatase (ALP, IU/L), full blood count, prothrombin
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Table 1 Demographics of Patients Who Received MMF
(n = 20), According to AZA Intolerance or Resistance.

Variables AZA intolerance
n = 18

AZA refractory
disease
n = 2

Number of patients
(years)

55.5 (18–79) 29.5 (18–41)

Sex, Male:Female 1:8 1:1

Cirrhosis
(no. of patients)

4 1

Overlap syndrome
(no. of patients)

2 1
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time (seconds), Immunoglobulins (IgG, IgA, IgM), and
autoimmune liver screen consisting of anti-nuclear anti-
bodies (ANA), anti-smooth muscle antibodies (ASMA),
and anti-mitochondrial antibodies (AMA). All patients
were routinely screened for hepatitis B surface antigen
(HBsAg) and hepatitis C antibody (HCVAb). If the later
was positive, a hepatitis C RNA and genotype was re-
quested. All patients underwent a percutaneous liver bi-
opsy for the assessment of inflammatory activity and
presence of fibrosis.

Patients were initially commenced on prednisolone 30–
40 mg daily for two weeks. The dose was then tapered at
5 mg per week until the dose was 15 mg. Further dose
reduction was carried out at 2.5 mg per week with the
intention to stop or maintain at the lowest dose. AZA
was commenced for maintenance of remission. Treatment
response was assessed based on clinical symptoms and
biochemical parameters such as AST, ALT and IgG levels
as defined by agreed criteria.13 These were assessed at clinic
visits. Drug compliance and adverse events were checked
during every clinic visit by direct questioning. A treatment
responder was defined as a patient who developed
improvement in their AST and ALT, below twice the upper
limit normal 3 months after treatment commencement.
Remission was defined as normalisation of ALT and or
AST after treatment commencement. A relapse was defined
as a rise in ALT and or AST following a response. A non-
responder to treatment was defined as a patient who did
not tolerate the treatment due to adverse event or a true
non-responder whose disease was refractory to the therapy
despite adequate compliance. Liver histology was per-
formed in cases where there was uncertainty of the diag-
nosis based on immunological, biochemical, and clinical
parameters. In patients in whom there was an absence of
clarity surrounding the diagnosis of AIH, immunosup-
pressive treatment was withheld until histological confir-
mation was available. Liver histology was repeated if
there was a failure to respond to standard therapy or if
there was a suspicion of an evolving overlap syndrome
with co-existent features of primary biliary cirrhosis
(PBC) or primary sclerosing cholangitis (PSC). Histology
specimens were reviewed by a specialist liver histopatholo-
gist and stains were performed with haematoxylin and
eosin (H&E), whilst reticulin and HVG stains were per-
formed to detect presence of liver fibrosis. The fibrosis
severity was staged using the scoring system devised by
Ishak and colleagues.14 The diagnosis was made after the
identification of features present in AIH including portal
interface hepatitis, lympho-plasmacytic infiltration of the
portal tracts, extension of inflammation from the portal
tracts to lobules (interface hepatitis) and hepatocyte
apoptosis with varying stages of fibrosis.15

The rationale for discontinuing AZA needed to be
clearly documented in the clinical records and this was
decided by the treating physician. If AZA was stopped
222
because of drug intolerance due to adverse reactions these
events were documented in the patient records and
defined. Following cessation of AZA, patients were
commenced on MMF 500 mg twice daily for 2 weeks,
and if they tolerated this dose, it was increased to the maxi-
mally tolerated level up to a maximum of 1 g twice daily.
Patients were kept under close outpatient monitoring
and were followed up 2–4 weekly on commencement of
MMF. If biochemical parameters stabilised they were fol-
lowed up on a monthly basis until established on a stable
dose of corticosteroids and MMF. Once on a stable dose,
patients were reviewed on a 3-6 monthly basis. Biochemical
and immunological parameters were routinely checked at
each outpatient visit. Patients who did not respond to
azathioprine therapy were switched over to MMF by the
treating physician.

The endpoints for the study were as follows: to deter-
mine what group of patients were prescribed MMF and
the indication for MMF commencement; the secondary
endpoints were to determine what proportion of patients
had a treatment response to MMF who had failed to
have one with AZA.

Statistical Analysis
Descriptive statistics were described as median with inter-
quartile ranges (IQR). Serial tests were analysed using Wil-
coxan log rank test. All statistical analyses were performed
using the Statistical Program for Social Sciences (SPSS
13.0 for Windows; SPSS Inc., Chicago, Illinois, USA).
RESULTS

One hundred seventeen (117) patients with AIH were iden-
tified. All patients had treatment induction with a tapering
course of prednisolone (median dose 30mg (range 7.5–40))
daily and remission with AZA (1–2 mg/kg daily). AZA was
discontinued in 20 (17%) patients within 4 months of
commencement. The clinical and demographics of these
patients are outlined in Table 1. The median age of these
patients were 56 (18–79) years and were predominantly
© 2014, INASL



Table 2 Adverse Events and Reasons for AZA
Discontinuation.

Reason for AZA discontinuation No. of patients reported (%)a

Gastrointestinal
(nausea, vomiting or diarrhoea)

9 (45)

Leucopenia 5 (25)

Flu-like illness, myalgia 4 (20)

Hair loss 1 (5)

Non-responder 2 (10)

aSome patients reported more than 1 adverse event.

Figure 1 AST levels in MMF responders over a period of 2 years.

Figure 2 Serum IgG levels in MMF responders over a period of 2 years.
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Caucasians except for one patient of Asian background.
The majority of the patients were females (Female n = 17
(85%), Male n = 3 (15%). Hennes score was 6 (probable
AIH) in 11 patients and $7 (definite AIH) in 9 patients.
Original scoring system showed ‘definitive’ AIH in 11 pa-
tients and ‘probable’ AIH in 9 patients. Five patients had
histologic evidence of cirrhosis. Overlap syndromes with
other conditions such as PBC, PSC and autoimmune chol-
angiopathy were noted in one patient each, respectively.

Azathioprine Treatment Failure
Out of the 20 patients 18 were intolerant of AZA over a
period of 4 (0–24) months. The majority of them suffered
from gastrointestinal related events, some had leucopenia
and flu-like illness (Table 2). Only two patients had disease
refractory to AZA therapy despite compliance. All patients
received MMF 0.5–1.0 g twice daily and were followed up
regularly with clinical and biochemical parameters. After
a follow-up period of 47 (5–83) months, 14 (73.6%) pa-
tients were still on MMF with adequate disease remission,
including the majority of patients with cirrhosis. One pa-
tient was lost to follow-up while 3 were intolerant of
MMF and two patients had disease refractory to MMF
despite good compliance. In MMF responders, the median
AST levels pre-MMF, at week 12, 52 and at the end of 2
years of MMF were 63, 31 (p = 0.0002), 25 (p = 0.002) and
30 (p = 0.0001) IU/L, respectively. The decline in AST and
ALT was statistically significant compared to the pre-
MMF levels (Figure 1). Similarly, ALP and GGT levels
declined significantly during the same follow-up period.
In addition, serum IgG levels showed a significant decline
in MMF responders. Median IgG levels at pre-MMF, week
12, 52 and year 2 were 18.2, 14 (p < 0.005) 12.6 (p < 0.005),
11.6 (p < 0.005) and 12.5 (p < 0.005) g/L (Figure 2).

Mycophenolate Mofetil Treatment Failure
Non-response to MMF was noted in five (n = 5) patients.
Three of these patients were intolerant of MMF due to
adverse events, in spite of clinical and biochemical
response. The most commonly reported adverse events
were rash and hair loss. These occurred within the first
Journal of Clinical and Experimental Hepatology | September 2014 | Vol. 4
year of treatment. MMF was stopped in a further two pa-
tients due to refractory disease (true non-responder),
despite compliance. One of the true non-responder had
AST elevation from 76 to 101 IU/L within 4 weeks of ther-
apy and was cirrhotic. The other non-responder had a good
initial response from AST 116 to 28 IU/L at 4 weeks but
failed to maintain remission. The true non-responders
were also non-responders to AZA.

Cirrhosis was noted in 5 patients with a median age of
52 years. All of who were females. Pre-MMF, week 12 and
week 52 median AST and was 62, 32.5 and 27 and ALT
was 56, 32.5, and 58 U/L, respectively. Similarly, IgG dur-
ing the same periods of time was 17.2, 14.5 and 11.6 g/L.
Four patients with cirrhosis who did not respond to AZA
responded well to MMF therapy. One patient with no
response to AZA and MMF eventually decompensated
and required liver transplantation.
| No. 3 | 221–225 223



MMF IN AUTOIMMUNE HEPATITIS JOTHIMANI ET AL

A
u
to

im
m
u
n
e
H
ep

a
titis
Current Treatment Regimens
Eight (57%) out of 14 patients were onMMF with low dose
maintenance prednisolone. Four (28.5%) were on MMF
monotherapy. One patient was taking MMF with prednis-
olone and ursodeoxycholic acid and one was on a combina-
tion of MMF and budesonide. There were no deaths in any
of the treatment patients over the duration of the study.
The current regimen for cirrhotic patients was MMF 1 g
twice daily plus Prednisolone 7.5 mg a day.
DISCUSSION

The combination of prednisolone and AZA is a well-
established first line treatment for patients with AIH.
Although themajority of patients respond well to this ther-
apy, up to 20% of patients do not. The reasons for treat-
ment failure include drug intolerance or refractory
disease. Drug intolerance is usually due to adverse events
or toxicity. Up to 0.3% of the population is homozygous
for TPMT deficiency and thus, prone to AZA toxicity.
The clinical features of TPMT deficiency include: skin
rash, bone marrow toxicity, pancytopenia and an increased
risk of opportunistic infections. Additional side effects
include flu-like symptoms, nausea, vomiting, alopecia,
hepatotoxicity and acute pancreatitis. In one series,
approximately 20% of patients on AZA developed adverse
reactions.16

A proportion of patients have refractory disease/drug
intolerance where they do not respond to AZA. Evidence
is not clear in terms of second line therapy for these pa-
tients. In the present study AZA was discontinued in 20
(17%) patients predominantly due to drug intolerance.
This mostly occurred in the first 4 months after the
commencement of AZA. Gastrointestinal and haematolog-
ical side effects were the commonest causes of AZA intoler-
ance. Only two patients had refractory disease.

MMF is a pro-drug that is converted in the liver to its
active metabolite mycophenolic acid, a selective and revers-
ible inhibitor of inosine monophosphate dehydrogenase, a
rate-limiting enzyme in purine biosynthesis. MMF exerts
selective anti-proliferative effects on T- and B-lymphocytes
by inhibiting DNA synthesis. This drug is used extensively
in transplantation medicine. The role of MMF in AIH was
questioned following a publication from the Mayo clinic
comparing empirical MMF with high dose corticosteroids
in patients with refractory disease. This case series showed
that MMF failed to induce biochemical remission (35%
vs.0%, p = 0.1), nor did it prevent fibrosis progression or
allow corticosteroid withdrawal.17 Yet a number of studies
have contradicted these findings and suggested that MMF
could have a role for some patients. Richardson et al18

showed that 5 of 7 patients with active disease responded
to MMF, with a significant improvement in liver histology
and good tolerability.
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In a retrospective longitudinal study by Hlivko et al, 29
AIH patients (treatment na€õve and previously failed ther-
apy) received MMF. Remission was achieved in16 patients
(55%) and 10 (34%) were intolerant of MMF due to adverse
events.12 Similarly, MMF was prescribed for 15 patients
intolerant of standard therapy where 12 patients received
it in addition to prednisolone and 3 received MMF mono-
therapy. Follow-up over 3.5 years showed a good reduction
in ALT levels from 92 to 61 (p = 0.03), inflammatory scores
(2.59–1.14, p = 0.02) and Ishak fibrosis stage (4.1–2.5,
p = 0.02). Furthermore, the drug was well tolerated.19 In
a small case series, MMF was given to 5 patients refractory
to AZA and steroids, where it was able to induce and main-
tain remission safely.20 Similar results have been observed
from other patient series.21,22 In a multi-centre retrospec-
tive study of 16 patients who failed previous standard ther-
apy received MMF. Eight (50%) had complete response, 2
(12.5%) had partial response, 4 (25%) had no response
and 2 (12.5%) relapsed after 26.5 months follow-up.23 Za-
chou and colleagues performed a prospective study in 59
patients assessing the efficacy of MMF as first line therapy
in patients with AIH. Eighty eight percent (88%) of them
responded to the combination of tapering dose of prednis-
olone and MMF 1–2 g/day within 3 months and the re-
maining patients responded eventually. Interestingly,
there were no non-responders. Prednisolone was
completely withdrawn in 34 out of 59 patients (57.6%)
over a period of 8 months.3

In our study the response to MMF was 74% (14 pa-
tients). MMF treatment failure was observed in 5 (26.3%)
patients in whom drug intolerance was noted in three pa-
tients. Skin rash and hair loss were the commonest MMF
related adverse events in our study population. Two pa-
tients did not respond to MMF. Interestingly, these 2 pa-
tients did not respond to AZA probably due to severe
AIH or non-compliance. This is in line with the recent
multi-centre study from Hennes et al where 36 patients
received MMF as a second line treatment for steroid refrac-
tory AIH. After a follow-up of 15months, 14 (39%) patients
achieved remission, but 22 (61%) achieved an insufficient
response. The majority of patients with disease refractory
to AZA had a poor response to MMF.24 This area needs
to be studied to identify patients who may not respond
to MMF. Moreover, it may facilitate our understanding
of the pathogenesis of AIH.

An interesting observation of our study was in patients
with cirrhosis. Although, the numbers are small, 4 out of 5
patients tolerated MMF with disease remission. There was
no significant adverse reactions and worsening of liver
function in this high risk patients. This positive response
toMMF should be confirmed in a large multi-centre study.

There are some limitations to our study. Firstly, the
study involved a small number of patients with no control
arm for comparison. Secondly, presence of slightly higher
© 2014, INASL
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number of probable AIH could be explained by the fact
that 5 patients had cirrhosis where classical findings of
AIHmay not persist and 3 patients had Overlap syndrome,
which likely to confound the AIH scoring system. Thirdly,
most patients were on a combination ofMMF and prednis-
olone, and although the dose of corticosteroid was modest
its role in disease remission should not be disregarded.
Finally, we did not have sufficient post treatment liver bi-
opsies to demonstrate histological remission. In summary,
our study supports the efficacy, tolerability and safety of
MMF in patients with AIH who were intolerant to azathi-
oprine. However, in patients with refractory disease on
AZA do not respond to MMF therapy. An alternative
immunosuppressive agent should be considered in these
patients. More studies are required to identify patients
with refractory disease who may not respond to conven-
tional immunosuppressants.
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