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There are limited therapeutic options available for patients with

autoimmune hepatitis in whom conventional treatment fails. A case

series of five patients unresponsive to or unable to take azathioprine,

6-mercaptopurine or corticosteroids who were treated with mycophe-

nolate mofetil (MMF) is reported. While on MMF, alanine amino-

transferase normalized or remained normal in all patients. MMF had

a steroid-sparing effect and histological remission was demonstrated

in one patient after seven months of MMF. One patient experienced

an uncomplicated episode of pyelonephritis. In conclusion, MMF can

effectively induce and maintain remission in refractory autoimmune

hepatitis patients.
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Le mycophénolate mofétil pour le traitement
de l’hépatite chronique active auto-immune
chez les patients réfractaires au traitement
standard

Les possibilités thérapeutiques sont limitées pour les patients atteints

d’hépatite chronique active auto-immune chez qui le traitement tradi-

tionnel échoue. On rend compte d’une série de cas de cinq patients

réfractaires à l’azathriopine, au 6-mercaptopurine ou aux corticoïdes ou

incapables de prendre ces médicaments et qui ont été traités au

mycophénolate mofétil (MMF). Pendant que ces patients prenaient du

MMF, leur alanine aminotransférase est redevenue normale ou l’est

demeurée. Le MMF a un effet d’épargne sur les stéroïdes, et un patient a

profité d’une rémission histologique après sept mois sous MMF. Un

patient a vécu un épisode de pyélonéphrite sans complication. En conclu-

sion, le MMF peut favoriser et maintenir une rémission efficace chez les

patients atteints d’une hépatite chronique active auto-immune réfrac-

taire.

Autoimmune hepatitis (AIH) is a chronic inflammatory
disorder of the liver of unknown etiology. It is relatively

uncommon; the incidence of type 1 AIH in Europe and North
America ranges from 0.1 to 1.9 per 100,000, and a point preva-
lence in Northern Europe is 16.9 per 100,000 (1,2). AIH is
associated with significant morbidity and, if untreated, mortal-
ity. The disorder accounts for 5.9% of liver transplants in the
United States and, if left untreated, has up to a 40% six-month
mortality for more severe disease (3,4).

Corticosteroids, with or without azathioprine (AZA), have
been shown to be effective in inducing and maintaining
remission in this disorder and are currently the standard of care
(4-8). Remission occurs in 65% of those affected after 18
months of therapy, and in 80% after three years of therapy (9).
A minority of patients will either be intolerant of or fail con-
ventional therapy. A number of alternative therapies have been
studied including cyclosporine (10-15), 6-mercaptopurine
(6-MP) (16), cyclophosphamide (17), ursodeoxycholic acid
(UDCA) (18), budesonide (19) and methotrexate (20-21).
Budesonide, cyclosporine and UDCA are the only therapies
that have been formally evaluated in clinical trials (18-19,22).

There have been a total of eight patients reported in two
studies evaluating the effect of mycophenolate mofetil (MMF)
in patients refractory to or unable to take conventional therapy
(23,24). We report five patients with classical type 1 AIH who
were either intolerant of or failed conventional therapy, who
showed biochemical improvement and, in one case, histological
improvement with the use of MMF.

CASE PRESENTATIONS
All patients met the pretreatment diagnostic criteria for defi-
nite type 1 AIH according to the International Autoimmune
Hepatitis Group (Table 1) (25). All other causes of liver dis-
ease were excluded in these patients. Specifically, there was no
history of excessive alcohol consumption or use of hepatotoxic
substances, and all patients were hepatitis C antibody nega-
tive, hepatitis B surface antigen negative, antimitochondrial
antibody negative, and had normal ceruloplasmin and iron
studies. Liver biopsies were performed at the time of diagnosis
and were compatible with AIH in all patients. There was no
evidence of coexisting primary biliary cirrhosis, primary scle-
rosing cholangitis, autoimmune cholangitis, hemochromatosis
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or α1 antitrypsin deficiency in any of the biopsies. All patients
had a predominately hepatocellular pattern of liver test eleva-
tion at the time of diagnosis (Table 1). Two patients had an
elevation of alkaline phosphatase at diagnosis; however, the
alkaline phosphatase normalized in both patients after treat-
ment for AIH was initiated.

Case 1
A 65-year-old man with no relevant past medical history was
diagnosed with AIH in 1997. Liver biopsy at the time revealed
cirrhosis and a plasma cell predominant inflammatory infil-
trate (grade 4/4 inflammation, stage 4/4 fibrosis). The patient
was initially treated with prednisone 40 mg/day. This resulted
in biochemical improvement and the prednisone was tapered
to 20 mg/day. Upon tapering, a biochemical flare prompted
initiation of 50 mg/day of 6-MP (0.7 mg/kg) in November
1997. In October 2001, a biochemical flare prompted an
increase in the dose of 6-MP to 100 mg/day (1.4 mg/kg) in
addition to 20 mg/day of prednisone. In October 2001, 6-MP
was stopped because of continued biochemical and sympto-
matic deterioration and MMF 500 mg twice daily was started.
The dose of MMF was later increased to 750 mg twice daily and
the dose of prednisone was successfully decreased to 10 mg/day.
The serum alanine aminotransferase (ALT) has remained nor-
mal to date (Table 2). On MMF, the patient has been able to
taper his prednisone dose from 25 mg/day to 10 mg/day. The
prednisone dose was temporarily increased from 10 mg/day to
20 mg/day due to an increase in the ALT, which occurred
21 months after initiating MMF. The ALT has returned to nor-
mal and the patient continues on 10 mg/day of prednisone.
MMF therapy has been well tolerated with no adverse events.

Case 2
A 58-year-old woman with a history of mild immune thrombo-
cytopenia (ITP) and Sjogren’s syndrome was diagnosed with
AIH in August 1997. The patient was initially treated with
prednisone 40 mg/day. By October 1997, the serum ALT had
normalized on 20 mg/day of prednisone. A liver biopsy was
obtained in December 1997 while the patient was on 20 mg/day
of prednisone, which revealed grade 2/4 inflammation and stage
2/4 fibrosis consistent with AIH. In February 1998 she suffered
a biochemical relapse despite 50 mg/day of prednisone, and
AZA 50 mg/day (1 mg/kg) was initiated. AZA was increased to
100 mg/day (2 mg/kg) in May 2001 in conjunction with pred-
nisone 15 mg/day. Her ALT then normalized and the pred-
nisone was weaned to 7.5 mg/day until December 2001 when
she once again experienced a biochemical flare necessitating
increasing her prednisone to 15 mg/day. The serum ALT nor-
malized but on 100 mg/day of AZA and 15 mg/day of pred-
nisone it increased to approximately three times the upper limit
of normal (ULN) in May 2002. AZA was then stopped and
MMF was started at 500 mg twice daily, corresponding with a
normalization of the ALT within two months. In September
2002, the serum ALT increased to 2.5 times ULN and the MMF
was increased to 1 g twice daily. The ALT normalized and the
dose of prednisone was successfully decreased to 7.5 mg/day.
She continues to take prednisone 7.5 mg/day and MMF 1 g
twice daily. MMF therapy has been well tolerated with no
adverse events.

Case 3
A 41-year-old woman with a three-year history of colonic and
terminal ileal Crohn’s disease presented with abnormal liver
enzymes in May 1999. Her Crohn’s disease was quiescent,
being managed with maintenance 5-aminosalicylic acid.
Endoscopic retrograde cholangiography was normal, prompt-
ing a liver biopsy, which revealed a periportal plasma cell
inflammatory infiltrate consistent with AIH (grade 3/4, stage
2/4). The patient was treated with prednisone 40 mg/day. By
January 2000, the serum ALT was normal on 7.5 mg/day of
prednisone. In April 2000 the serum ALT increased to nine
times ULN while the patient was on 5 mg/day of prednisone.
The dose of prednisone was increased to 20 mg/day in conjunc-
tion with AZA 100 mg/day (1.5 mg/kg). Despite a further
increase to 30 mg/day of prednisone and 100 mg/day of AZA,
the serum ALT failed to normalize by October 2000. At that
time, the AZA was discontinued and MMF 250 mg twice daily
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TABLE 1
Patient characteristics at time of initial diagnosis of
autoimmune hepatitis

Pretreatment
Case ANA ASMA AMA IgG ALT ALP IAIHG score

1 Neg 1:160 Neg 28 491* 129‡ 17

2 1:640 1:20 Neg 41.2 1195† 462§ 24

3 1:2560 Neg Neg 28 709* 48 ‡ 20

4 1:640 Not known Neg 73 58* 90 ‡ 18

5 1:160 1:50 Neg 11.7 829† 455 ‡ 17

AMA Antimitochondrial antibody titre; ALP Alkaline phosphatase (‡normal
range 30-145 U/L; §normal range 80-280 U/L); ALT Alanine aminotransferase
(*normal range 0-40 U/L; †normal range 0-65 U/L); ANA Antinuclear antibody
titre; ASMA Anti-smooth muscle antibody titre; IgG Immunoglobulin G (normal
6.8-18.0 g/L). International Autoimmune Hepatitis Group (IAIHG) score
greater than 15 = definite diagnosis of autoimmune hepatitis. Neg Negative

TABLE 2
Serum alanine aminotransferase (ALT) (U/L) relative to
initiation of treatment with mycophenolate mofetil (MMF)
(months)

Month –6 –3 0 3 6 9 12 15 18 21 24 27 30 33 36

Case 1* 74 157 453 33 91 33 39 34 39 44 30

Case 2† 50 39 168 44 94 55 47

Case 3* 370 164 204 28 24 28 32 28 28 26 17 24 20 21 25

Case 4* 52 45 110 26 17 19 19

Case 5† 53 36 30 56 33 34 39 28

*normal range: 0-40 U/L; †normal range 0-65 U/L. ALT levels above the upper
limit of normal are shown in bold. Time zero corresponds to the initiation of
treatment with MMF

TABLE 3
Dose of prednisone (mg/day) relative to the initiation of
treatment with mycophenolate mofetil (MMF) (months)

Month –6 –3 0 3 6 9 12 15 18 21 24 27 30 33 36

Case 1 20 5 25 10 20 20 20 10 10 20* 10

Case 2 7.5 15 15 15 10 10 7.5

Case 3 20 30 30 15 5 2.5 1.25 1.25 1.251.25 1.25 0 0 0 0

Case 4 20 25 15 15 10 10 5

Case 5 0 0 0 0 0 0 0 0

*Case 1 had a slight alanine aminotransferase rise that prompted a brief
increase in the dose of prednisone, from 10 mg/day to 20 mg/day. Time zero
corresponds to the initiation of treatment with MMF



was initiated and soon increased to 500 mg twice daily.
Because the serum ALT rapidly normalized the dose of MMF
was not increased further. The ALT has remained normal for
36 months with successful cessation of prednisone therapy
(Tables 2 and 3). MMF therapy has been well tolerated with no
adverse events. The patient’s Crohn’s disease has remained
quiescent to date.

Case 4
A 62-year-old woman presented in January 2002 with severe
thrombocytopenia (platelet count 6×109/L) and abnormal liver
enzymes. An elevated immunoglobulin G level and a positive
antinuclear antibody titre were consistent with AIH (Table 1).
Her thrombocytopenia was thought to be due to ITP after a
bone marrow biopsy and an evaluation by a hematologist. The
patient was initially treated with prednisone 20 mg/day in
January 2002. A liver biopsy obtained in March 2002 revealed
micronodular cirrhosis, a hepatic venous pressure gradient
demonstrating portal hypertension and a plasma cell infiltrate
consistent with AIH (grade 2/4, stage 4/4). The thrombocy-
topenia was likely secondary to a combination of ITP in the
setting of hypersplenism secondary to portal hypertension.
Given the results of the liver biopsy, the patient was started on
50 mg/day of 6-MP (0.6 mg/kg) but this was discontinued after
a short period of time at the patient’s request after repeated
episodes of severe epistaxis. The serum ALT failed to normal-
ize on 20 mg/day of prednisone; however, marked weight gain,
proximal muscle weakness and cushingoid facies limited dose
escalation. Because of the underlying ITP there was initial
reluctance to add immunosuppressive agents that could poten-
tially worsen her thrombocytopenia. However, recent evi-
dence supported the use of MMF in the setting of ITP (26).
Therefore, in October 2002, MMF 500 mg twice daily was
added to prednisone 15 mg/day. The serum ALT normalized
and her platelet count increased from a nadir of 6×109/L before
starting MMF to 61×109/L in February 2003 while on MMF
1 g/day. The dose of prednisone was decreased from 15 mg/day
at the time of initiation of MMF to 5 mg/day. The patient
developed Escherichia coli pyelonephritis while on MMF which
was successfully treated with intravenous antibiotics in hospi-
tal and no other adverse events occurred.

Case 5
A 44-year-old woman with no past medical history presented
in October 2000 with abnormal liver enzymes and right upper
quadrant abdominal pain. An abdominal ultrasound revealed
cholelithiasis. An endoscopic retrograde cholangiography was
performed and was normal. The serum ALT rose to over 5.5
times ULN prompting a liver biopsy and a serological workup
for causes of chronic liver disease in December 2000. The liver
biopsy revealed expanded portal tracts with plasma cell infil-
trates as well as moderate interface hepatitis, but no fibrosis
(grade 2/4, stage 0/4). Histological and serological findings
were in keeping with AIH. The patient was treated with pred-
nisone 50 mg/day in conjunction with AZA 150 mg/day
(1.3 mg/kg). She then developed incapacitating glucocorti-
coid-related psychosis and suicidal ideation necessitating the
cessation of her prednisone. On dual therapy, her ALT rapidly
normalized and subsequently on AZA monotherapy her ALT
remained normal although she continued to have fatigue and
arthralgias. In November 2001 the patient continued to com-
plain of right upper quadrant pain consistent with biliary colic

and was referred for laparascopic cholecystectomy, which was
performed in January 2002. A liver biopsy obtained intraoper-
atively revealed grade 2/4 inflammation and stage 2/4 fibrosis
(Figure 1). AZA was discontinued and the patient was started
on MMF 1 g twice daily in June 2002. Because of the disparity
between liver biochemistry and histology, a repeat liver biopsy
was obtained in January 2003 after seven months of MMF
(Figure 2). This biopsy was read by the same pathologist (SJU)
as having no significant inflammation and only minimal fibro-
sis (grade 0/4, stage 1/4). In October 2003 she continued to be
in biochemical remission and MMF was successfully reduced to
750 mg twice daily.

DISCUSSION
A minority of patients with AIH will fail or will be intolerant of
conventional medical therapy. Treatment of these patients is
problematic due to the consequences of ongoing disease and due
to the limited therapeutic options available. The greatest clini-
cal experience in this setting exists with the use of cyclosporine.
In addition to many case reports (10-15), there has been one
open-label trial evaluating cyclosporine, which demonstrated
improved histology and biochemistry over a six-month period
(22). The potential for renal toxicity, hyperlipidemia, hyperten-
sion and infection are limiting factors concerning the use of this
therapy. Cyclophosphamide and methotrexate have shown
promise but have only been evaluated in a very small number of
patients (17,20,21). UDCA and budesonide are the only other
therapies that have been evaluated formally in a prospective
fashion (18,19,27). Although UDCA has shown promise as pri-
mary therapy in Japanese patients with AIH, a clinical trial
evaluating its use in refractory disease failed to demonstrate a
significant change in biochemistry or histology (18,27). A pilot
study of budesonide in treatment-dependent patients failed to
demonstrate efficacy (19).

Mycophenolic acid was first isolated and described in 1946
(28). MMF is an ester prodrug of mycophenolic acid, which
acts as a noncompetitive inhibitor of inosine monophosphate
dehydrogenase, the rate-limiting enzyme involved in de novo
synthesis of purines (29). The drug acts selectively on T and B
lymphocytes, which lack adequate salvage pathways for
purines (30). The effects of MMF and AZA on purine metab-
olism had been thought to be similar; however, AZA immuno-
suppressant properties have recently been attributed to
induction of apoptosis of T cells via suppression of Rac1 acti-
vation (31). This new evidence that these drugs have a differ-
ent mechanisms of action strengthens the rationale for the use
of MMF in patients resistant to AZA. The toxicity profile of
MMF includes diarrhea, nausea, vomiting, leukopenia and
anemia (30), and may be more attractive than the toxicity pro-
file of cyclosporine.

MMF has been used extensively in the setting of renal, liver
and heart transplantation (32-36). It has also been used in the
management of autoimmune conditions, including rheumatoid
arthritis (37,38). MMF has been studied as an alternate agent
in the treatment of both Crohn’s disease (39-45) and ulcera-
tive colitis (45,46). A one-year randomized trial comparing
AZA and prednisolone with MMF and prednisolone in ulcera-
tive colitis demonstrated increased toxicity of MMF while fail-
ing to demonstrate improved efficacy (46). The use of MMF in
Crohn’s disease has yielded variable results. In patients intoler-
ant of AZA, most studies have demonstrated lack of significant
efficacy of MMF (41-46). However, the one randomized trial
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comparing MMF and corticosteroids with AZA and corticos-
teroids demonstrated similar efficacy of the two treatments
(40).

Richardson et al (24) evaluated the use of MMF in seven
AIH patients resistant to or intolerant of standard therapy.
Patients were treated with 250 mg of MMF twice daily, esca-
lating to a final dose of 1 g twice daily. Five patients (71%)
entered biochemical remission with the mean dose of pred-
nisolone falling from 20 mg to 2 mg. Liver biopsies were
obtained before and after MMF therapy in all patients and the
hepatic activity index showed significant improvement after
treatment with MMF. The only adverse event seen in this
series was dose related leukopenia (24).

In our series, all patients were intolerant of or were not
responding to standard therapy with AZA, 6-MP and or
prednisone, and to the best of our knowledge, all patients
had been compliant with these prescribed therapies. MMF
given in doses ranging from 500 mg to 1 g twice daily resulted
in biochemical improvement in all of our patients.
Furthermore, MMF resulted in a histological remission in

one patient who had active periportal inflammation on liver
biopsy, despite having a normal ALT, while on AZA
monotherapy. This patient (case 5) previously had steroid-
induced psychosis with suicidal ideation, thereby prohibiting
the reintroduction of prednisone. The switch to MMF
resulted in a histological remission within seven months and
also improved her symptoms of fatigue and arthralgias. This
suggests that MMF can induce histological remission alone,
without the use of steroids. Follow-up histology was not
available in the other four patients within our series,
although MMF resulted in clinical and biochemical remis-
sion in these patients.

We were also able to demonstrate a steroid-sparing effect
with the use of MMF. In all four patients taking corticosteroids
we were able to lower the dose of prednisone after initiating
MMF. The mean dose of prednisone fell from 21.25 mg/day
before MMF to 8.4 mg/day one year after starting MMF. The
patient described in case 3 has been successfully weaned from
corticosteroids and remains in biochemical and clinical remis-
sion on MMF monotherapy.
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Figure 1) Liver biopsy from case 5 (hematoxylin and eosin stain, orig-
inal magnification 40×) obtained intraoperatively in January 2002
before starting treatment with mycophenolate mofetil. Serum alanine
aminotransferase was normal but portal tracts were expanded with an
inflammatory infiltrates composed primarily of lymphocytes and plasma
cells (grade 2/4 inflammation). Masson-Trichrome stain revealed peri-
portal (stage 2/4) fibrosis (not shown)

Figure 2) Liver biopsy from case 5 (hematoxylin and eosin stain, orig-
inal magnification 40×) obtained in January 2003 after seven months
of treatment with mycophenolate mofetil. The patient was in histologi-
cal remission with no significant inflammation (grade 0/4). Masson-
Trichrome stain revealed less fibrosis (stage 1/4) (not shown)



Interestingly, we also saw an improvement in a coexisting
autoimmune condition in one patient treated with MMF. ITP
has successfully been treated with MMF (26), and in the
patient in case 4 there was a dramatic improvement in platelet
counts from 6×109/L to 61×109/L, after the introduction of
MMF, despite stable doses of prednisone. Another patient with
inflammatory bowel disease (case 3) has maintained remission
of her Crohn’s disease after starting MMF. As stated earlier, the
role of MMF for the treatment of inflammatory bowel disease
remains unclear. MMF was well tolerated by all patients in our
series and we did not see significant leukopenia in any patient.

There was one patient who developed pyelonephritis that
required hospitalization and intravenous antibiotics, but this
did not necessitate the discontinuation of MMF therapy.

Although this present series is limited by the lack of histo-
logical follow-up in all patients, we believe it provides further
evidence for the role of MMF in patients with AIH refractory
to standard therapy. Also, as our series demonstrates, MMF is
well tolerated and effective in achieving biochemical remis-
sion in AIH patients, and we believe that MMF should be
evaluated prospectively as a steroid-sparing agent for the initial
treatment of AIH.
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