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Abstract 

Background: Currently, the standard therapy for autoimmune hepatitis (AIH) consists of a combination of pred-
nisolone and azathioprine. However, 15% of patients are intolerant to azathioprine which necessitates cessation of 
azathioprine or changes in therapy. In addition, not all patients achieve complete biochemical response (CR). Uncon-
trolled data indicate that mycophenolate mofetil (MMF) can induce CR in a majority of patients. Better understanding 
of first-line treatment and robust evidence from randomised clinical trials are needed. The aim of this study was to 
explore the potential benefits of MMF as compared to azathioprine, both combined with prednisolone, as induction 
therapy in a randomised controlled trial in patients with treatment-naive AIH.

Methods: CAMARO is a randomised (1:1), open-label, parallel-group, multicentre superiority trial. All patients with 
AIH are screened for eligibility. Seventy adult patients with AIH from fourteen centres in the Netherlands and Belgium 
will be randomised to receive MMF or azathioprine. Both treatment arms will start with prednisolone as induction 
therapy. The primary outcome is biochemical remission, defined as serum levels of alanine aminotransferase and 
immunoglobulin G below the upper limit of normal. Secondary outcomes include safety and tolerability of MMF and 
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azathioprine, time to remission, changes in Model For End-Stage Liver Disease (MELD)-score, adverse events, and 
aspects of quality of life. The study period will last for 24 weeks.

Discussion: The CAMARO trial investigates whether treatment with MMF and prednisolone increases the proportion 
of patients in remission compared with azathioprine and prednisolone as the current standard treatment strategy. In 
addition, we reflect on the challenges of conducting a randomized trial in rare diseases.

Trial registration: EudraCT 2016- 001038- 91. Prospectively registered on 18 April 2016.

Keywords: Autoimmune hepatitis, Azathioprine, Mycophenolate mofetil, First-line treatment, Induction therapy, 
Randomized controlled trial, Remission, Biochemical remission, Phase IV trial

Graphical Abstract

Background
Autoimmune hepatitis (AIH) is a severe chronic liver 
disease associated with cirrhosis and liver failure [1, 2]. 
AIH is a rare disease, its prevalence is estimated at 17–23 
cases per 100,000 inhabitants in Europe [3, 4]. It is char-
acterised by a spectrum of clinical manifestations and 
may lead to complications of progressive liver disease, 
including cirrhosis, portal hypertension, and hepatocel-
lular carcinoma. Untreated AIH has very poor outcomes 
and is usually fatal [2, 5].

Immunosuppressive therapy consisting of azathioprine 
and corticosteroids has emerged as the mainstay of active 

autoimmune hepatitis management. This has greatly 
improved survival rates [6–8]. Normalisation of transam-
inases is achieved in 65–70% after 6 months, irrespec-
tive of prednisone dosage [9]. However, almost 20% of 
patients experience adverse effects (AEs) with azathio-
prine treatment, such as nausea, vomiting, arthralgia, 
skin rash and fever, which necessitate cessation of treat-
ment in approximately 15% of patients in the first year 
[10, 11]. In recent years, mycophenolate mofetil (MMF) 
has been explored as an alternative option to standard 
care in AIH treatment. Most studies focused on the use 
of MMF as second-line rescue therapy in AIH patients 

https://clinicaltrials.gov/ct2/show/NCT02900443


Page 3 of 13Snijders et al. Trials         (2022) 23:1012  

who were either intolerant or refractory to azathioprine. 
MMF seems to be generally better tolerated than azathio-
prine. Several retrospective studies reported remission 
rates, which varied from 25 to 100% (Table  1) [12–25]. 
This has led to recommendations in the European Asso-
ciation of the Study of the Liver (EASL) guidelines and 
the European Society for Paediatric Gastroenterology 
Hepatology and Nutrition (ESPGHAN) position state-
ment of MMF as second-line treatment for patients who 
do not respond to or do not tolerate azathioprine [26, 27]. 
Meanwhile, MMF has aroused interest as an alternative 
option for AIH induction therapy. A prospective uncon-
trolled study explored the efficacy of MMF in treatment-
naive AIH patients [28]. Fifty-nine treatment-naive AIH 
patients received open-label MMF at a final dose of 1.5–2 
g daily combined with a standardised prednisolone taper-
ing scheme. Eighty-eight per cent of patients had an ini-
tial clinical and biochemical response with normalisation 
of serum aspartate transferase (AST), alanine transferase 
(ALT) and immunoglobulin gamma (IgG) levels. While 
the data on MMF in AIH patients are promising, ran-
domised clinical trials are needed to generate high-qual-
ity evidence.

Methods
Design and methods
The trial protocol is written in accordance with the 
Standard protocol items: recommendation for interven-
tional trials (SPIRIT) guidelines [31] (see Table 4 and the 
Additional file 1: SPIRIT checklist).

Study aim
The CAMARO trial aims to investigate whether MMF 
and prednisolone are superior to azathioprine and pred-
nisolone in inducing remission in treatment-naive AIH 
patients. The hypothesis is that MMF will be more effec-
tive than azathioprine in inducing remission, both com-
bined with a standard prednisolone schedule.

Study design and recruitment
CAMARO is a phase IV, randomised (1:1), open-label, 
parallel-group, multicentre superiority trial in 70 patients 
with treatment-naive AIH. All patients with established 
AIH according to the simplified criteria for the diagnosis 
of AIH [32] and who are considered for induction therapy 
will be eligible for the study. Eligibility will be assessed at 
the screening visit (SV) and patients will start with pred-
nisolone according to the treatment schedules in Tables 2 
and 3. A patient may enter the study at any time point 
in the first 4 weeks, as long as the prednisone schedule 
has been used for induction therapy. After informed 
consent, patients will be randomised in a 1:1 ratio to 
one of the two treatment arms. At 4 weeks, patients will 

consequently start with either azathioprine or MMF in 
dosages exactly according to the schedule (Tables 2 and 
3). Eight follow-up visits are scheduled at weeks 4, 8, 12, 
16, 20, and 24. The week 24 visit is the end of the treat-
ment visit. After that, patients can continue azathioprine 
or MMF as assigned, as maintenance therapy. A trial 
flowchart is shown in Fig. 1.

Patients will be selected from outpatient clinics of the 
participating centres or referred by other centres. This is 
the predominant way of recruitment. Flyers with a brief 
introduction to the trial and researchers’ contact infor-
mation will also be used for recruitment. Physicians can 
contact the study coordinators via telephone 24 h per 
day, seven days per week, to check the eligibility criteria. 
Potential participants will be approached by their treat-
ing physician. The study will be explained by the local 
Principal Investigator (PI) and their team. Potential par-
ticipants received a Patients Information Form (PIF) 
and will have the possibility to ask questions. They have 
at least one week to consider the study. After one week, 
potential participants will be contacted, and they will get 
the opportunity to ask questions. The screening evalua-
tion includes disease-related signs and corresponding 
laboratory tests, including a urine pregnancy test (in 
women of childbearing age). In some participating cen-
tres, informed consent forms will include the option to 
consent to collect and use biobank blood samples. The 
blood samples will be drawn at screening and week 24 for 
future research. The biobank samples will be processed 
locally and stored in local biobank facility. Additional 
tests can be performed when new research questions 
arise during the study. Where possible, backup samples 
for central endpoint analysis were drawn and stored 
locally.

Participants
The objective is to include 70 patients with treatment-
naive AIH. The study will be conducted by the Dutch 
Autoimmune Hepatitis Working Group. Individuals 
who meet the entry criteria and complete the baseline 
visit will be enrolled in one of the participating centres. 
In total, fourteen centres are participating in the trial, 
including seven Dutch university medical centres. A list 
of study sites can be obtained at https:// clini caltr ials. gov/ 
ct2/ show/ NCT02 900443.

Inclusion criteria
The inclusion criteria are:

1. Probable or definite diagnosis of AIH according to 
the simplified criteria for the diagnosis of Autoim-
mune Hepatitis [32]:

https://clinicaltrials.gov/ct2/show/NCT02900443
https://clinicaltrials.gov/ct2/show/NCT02900443
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• Definite AIH: ≥7
• Probable AIH: 6

2. First presentation of AIH requiring treatment 
according to the current EASL guidelines [27]

3. Age ≥18 years

All patients will undergo a liver biopsy since this is a 
prerequisite for the diagnosis of AIH. The liver biopsy 
must be scored at least compatible or typical for AIH 
according to the simplified criteria [32].

Exclusion criteria
A potential participant who meets any of the following 
criteria will be excluded from participation in this study:

1. Variant syndrome with primary sclerosing cholangi-
tis (PSC) or primary biliary cholangitis (PBC) (Paris 
criteria [33], strong positive AMA, past liver biopsy 
with characteristic signs of PBC or cholangiographic 
findings compatible with PSC)

2. Presentation with acute liver failure, defined as pres-
ence of hepatic encephalopathy and coagulopathy 
(international normalised ratio (INR) > 1.5)

3. Current treatment with predniso(lo)ne and/or 
immunosuppressive medication for an indication 
other than AIH

4. Current systemic infection
5. Other clinically significant medical conditions that 

could interfere with the trial
6. If female of childbearing potential: known pregnancy, 

or unwilling to practice anticontraceptive measures

Table 2 Treatment schedule for patients 40–80 kg

MMF mycophenolate mofetil, mg milligrams

Week Prednisolone 
(mg/day)

Azathioprine 
(mg/day)

MMF (mg/day)

1 40 - -

2 30 - -

3 25 - -

4 20 - -

5 15 50 1000

6 12,5 50 1000

7+8 10 100 2000

9+10 7,5 100 2000

From week 11 
onwards

5 100 2000

Table 3 Treatment schedule for patients >80 kg

MMF mycophenolate mofetil, mg milligrams

Week Prednisolone 
(mg/day)

Azathioprine 
(mg/day)

MMF (mg/day)

1 60 - -

2 45 - -

3 30 - -

4 20 - -

5 15 50 1000

6 12,5 50 1000

7+8 10 100 2000

9+10 7,5 100 2000

From week 11 
onwards

5 100 2000

Fig. 1 Flowchart CAMARO trial. AIH, autoimmune hepatitis; MMF, mycophenolate mofetil
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7. History of noncompliance with medical regimens, or 
patients who are considered to be potentially unreli-
able or unable to participate

8. Mental instability or incompetence, such that the 
validity of informed consent or compliance with the 
trial is uncertain

Withdrawal from the study and replacement
Participants can leave the study at any time for any rea-
son if they wish to do so without any consequences. The 
investigator can decide to withdraw a subject from the 
study for urgent medical reasons, such as (but not limited 
to) (a) occurrence of any AE or abnormality in a labora-
tory assessment which warrants the subject’s discontinu-
ation from the trial, (b) patient noncompliance defined as 
refusal or inability to adhere to the trial schedule or pro-
cedures, (c) at the request of a regulatory authority, (d) 
the patient becomes pregnant, and (e) or the patients is 
lost to follow-up. If so, the patient will be followed and 
data will be recorded in an observational manner. All 
data generated up to the time of discontinuation from the 
study will be used for the intention to treat analysis and 
the reason(s) for discontinuation will be recorded.

Patients who participate in the study, but drop out for 
the study in the first 4 weeks will be replaced by new 

patients. If the participant is being withdrawn because of 
an AE, that AE must be indicated as the reason for with-
drawal. Participants who withdraw from the study will be 
seen for a follow-up 4 weeks later. AEs and concomitant 
medication will be assessed and blood will be drawn.

Treatment groups and randomization
All participants, regardless of group allocation, will be 
treated with prednisolone induction therapy. The pred-
nisolone dosage will commence at 40 mg or 60 mg per 
day, dependent on weight, and will be tapered according 
to a fixed schedule (Tables 1 and 2) which is based on the 
EASL Clinical Practice Guidelines [27]. We aim that all 
patients will eventually taper down to 5 mg prednisolone 
daily. Participants will have reduced prednisolone to 20 
mg/day at week 4. Participants will be randomised 1:1, 
with a variable block randomization (block size 4, 6, 8) 
between azathioprine or MMF, stratified per partici-
pating centre for the presence of cirrhosis (yes/no). For 
randomisation of a patient, physicians can contact the 
study coordinators via telephone 24 h per day, 7 days 
per week in order to check the eligibility criteria and to 
verify whether informed consent has been obtained. Ran-
domisation will be done by the study coordinator using 
the electronic case report form by Castor Electronic Data 
Management (Castor EDC). The study is an open-label 

Table 4 The schedule of enrolment, interventions, and assessments in the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) figure

AIH autoimmune hepatitis, AZA azathioprine, LF last known follow-up, MMF mycophenolate mofetil
a Done in week 4 if not available in participating centre boptional cin women of childbearing potential dretrospective collection of data
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trial which means that both patients and all research staff 
(including the primary caregiver and principal investi-
gator) will be aware of the study arm allocated and thus 
are not blinded. Only outcome assessors will be blinded 
during the analyses. Therefore, unblinding will not occur 
in this study. Azathioprine and MMF will be packed and 
labelled as study medication according to Good Manu-
facturing Practice (GMP) guidelines by the pharmacy of 
the Leiden University Medical Center.

Intervention group: mycophenolate mofetil (MMF)
Patients in the intervention group will receive oral MMF 
in a total daily dose of up to 2000 mg, split-dose, in addi-
tion to a prednisolone schedule, based on the EASL 
guidelines [27]. MMF will be started in a dosage of 500 
mg, twice daily combined with prednisolone. If there 
are no problems with tolerability of MMF, patients will 
be titrated after 2 weeks to 1000 mg twice daily for the 
rest of the study. In case of MMF-related AEs (e.g. cyto-
penia), dose reduction can be considered by the treating 
physician. The dosage will be reduced with 250 mg twice 
daily until AEs disappear. When AEs persist after dose 
reduction, MMF can be discontinued. Those patients will 
be followed-up after discontinuation and will be treated 
according to standard of care by the treating physician. 
The teratogenic effect of MMF will be discussed in detail 
in women of childbearing potential and men who wish to 
father a child at the screening visit. All female patients of 
childbearing potential will need to undergo a pregnancy 
test at screening and will be instructed to take adequate 
anticontraceptive measures during the study.

Control group: azathioprine
The control arm will receive standard of care treatment 
for AIH according to the recent EASL guidelines [27]. 
The prednisolone dosage is based on these guidelines and 
is identical to the intervention group. In addition to pred-
nisolone, standard therapy consists of azathioprine in a 
dosage of 50 mg daily for the first 2 weeks, and 100 mg 
daily for the rest of the study. The patients in this group 
will undergo the same study schedule as the patients in 
the intervention group. In case of azathioprine intoler-
ance and/or AEs, a dosage reduction is allowed from 100 
mg to 50 mg daily. If AEs related to azathioprine persist 
at a dosage of 50 mg, discontinuation of the drug can be 
considered. In that case, a patient is will be withdrawn 
from the study and followed up by standard of care.

Concomitant care
Concomitant medication may be given as medi-
cally indicated. No additional immunosuppression is 
allowed within the study. Participants are not allowed 

to participate in other (experimental) trials investigating 
pharmaceutical agents or strategies aimed at AIH.

Drug accountability
Study medication will be stored and distributed to 
patients according to GCP regulation and national law. 
Drug accountability will be performed by the (local) 
investigator using a drug accountability log. At the trial 
beginning, participants will be asked to take their medi-
cation to the clinic to control compliance. Follow-up is at 
least once a month to actively remind patients.

Outcomes
Primary outcome
The primary outcome is the percentage of patients in bio-
chemical remission, defined as normalisation of serum 
ALT and IgG levels, per treatment group. This primary 
endpoint will be assessed at 24 weeks of treatment.

Secondary outcomes
The secondary outcomes are to evaluate the efficacy of 
MMF versus azathioprine in combination with a 24-week 
prednisolone taper regimen in patients with AIH meas-
ured by the following:

• Biochemical remission at 24 weeks and at anytime
• Time to biochemical remission
• Complete biochemical response: defined as normali-

sation of AST, ALT, and IgG at 24 weeks
• Non-response at 4 weeks: defined as <50% decrease 

of serum transaminases within 4 weeks after initia-
tion of treatment

• Insufficient response: defined as lack of complete 
biochemical response determined at 24 weeks

• Changes in MELD score (and its components biliru-
bin, INR, creatinine), and in albumin

• Changes in liver stiffness, measured by transient elas-
tography

• N-terminal procollagen-III-peptide, Enhanced Liver 
Fibrosis (ELF) score

• Changes in quality of life measured with Short Form 
(SF)-36

• Difference in side-effects, AEs and serious AEs 
(SAE), based on clinical examination (e.g. hyperten-
sion), laboratory assessments (e.g. neutropenia and 
new-onset diabetes), and patients-reported symp-
toms between the MMF and azathioprine groups

• The level of ALT, AST, gamma-glutamyl transferase 
(GGT) in both groups

• Percentage of patients with biochemical remission
• Ratio of ALT to lowest ALT ever
• Extrahepatic AIH manifestations (e.g. arthralgia)
• Patient survival
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• Fatigue index
• Pruritis visual analogue score
• Difference in cumulative corticosteroid dose between 

the MMF and azathioprine groups

Ancillary studies can be performed on blood sam-
ples as determined by the Dutch AIH Group steering 
committee.

Other outcomes
Other study parameters include SAEs, physical exami-
nation, and clinical laboratory tests. At every study visit, 
blood samples will be drawn. This will be done according 
to the schedule of assessments at weeks 0, 4, 8, 12, 16, 20, 
and 24 (Table 4). Laboratory testing will be done locally. 
The following tests will be standardly performed: haemo-
globin (Hb), haematocrit (ht), absolute neutrophil count, 
white blood cell count, platelet count, prothrombin time, 
INR, ALT, AST, GGT, albumin, alkaline phosphatase 
(ALP), bilirubin (direct and indirect), creatinine (eGFR), 
IgG, and urinalysis: pregnancy tests in women of child-
bearing potential. All patients will undergo transient elas-
tography by a Fibroscan at screening or at week 4, and at 
week 24 for assessment of liver fibrosis.

It is expected that patients will continue to have regular 
visits outside of the study context. In this natural cohort 
of patients, data regarding the continuation of study med-
ication, experienced side effects and persisting remission 
will be collected 52 weeks after the end of the study visit 
(T76) and at the last known follow-up. This data will be 
collected retrospectively and outside of the study context.

Patient‑reported outcomes
Questionnaires will be filled in at screening, 4, 16, and 24 
weeks. Quality of life will be assessed using the SF-36, and 
the Work Productivity and Activity Impairment Ques-
tionnaire: General Health V2.0 questionnaires [34, 35]. 
AIH-related complaints will be assessed using the Liver 
Disease Symptom Index 2.0 questionnaire [36].

Sample size calculation
Since most evidence from the standard AIH treatment 
comes from clinical trials performed several decades 
ago, we have used the more recent budesonide trial 
from Manns et  al. to determine efficacy rate of predni-
solone and azathioprine in AIH [37]. In this study, 38.8% 
of patients reached normalisation of AST and ALT levels 
after 6 months of prednisolone and azathioprine treat-
ment. When it comes to treatment with MMF, only lim-
ited data is available. The only prospective study showed 
that 88% of patients reached normalisation of ALT, AST, 
and IgG within 1-12 months, while at three months 70% 
reached normalisation [28]. Retrospective studies show 

lower response rates for MMF (Table 1). Based on avail-
able literature, we hypothesise that instead of a 70% 
response rate at three months, 70% at 6 months with 
MMF is feasible in the intervention group. A sample 
size of 32 patients per group will results in 1-beta of 0.80 
with a two-sided alfa of 0.05 significance level to detect 
the difference in means of −36.2% (75.0% versus 38.8%). 
Taken into account a fallout rate of 10%, the total number 
in each group will therefore be 35 patients.

Data collection
An electronic clinical record form (eCRF) will be used to 
collect the data on each participant. Data will be entered 
into a web-based eCRF (Castor EDC) from electronic 
patient files by site personnel or by the study coordina-
tors. The study participants will be identified on the 
eCRF through their unique trial identifier, allocated at the 
time of allocation. All source data recorded in the eCRF 
will be signed by the investigator or his/her appropriate 
designee. Course documents include original documents 
related to the trial, to medical treatment and to the his-
tory of the participant. The requirements for source data 
for this trial will be outlined in the study monitoring plan. 
All investigators and physicians will comply with the 
requirements of the national law with regard to collec-
tion, storage, processing, and disclosure of the patients’ 
personal information. The trial evaluation team, who will 
analyse that data, consists of the coordinating investiga-
tors in consultation with the principal investigators. They 
will receive only anonymised data. Patients’ personal data 
is stored locally at each study site in locked cabinets or 
electronically on encrypted secure drives. Physicians who 
are involved in the trial will be asked to report all AEs to 
the coordinating investigator. Serious AEs are reported 
using the online module (https:// www. toets ingon line. nl).

Analysis
Statistical analysis
Descriptive analysis will be performed for all baseline 
and demographic data. Normally distributed variables 
will be noted as mean with standard deviation (S.D.), 
and not-normally distributed variables will be noted as 
median with range or inter-quartile range (IQR) if stated. 
Categorical data will be noted as numbers and percent-
ages of the total.

All randomised patients are evaluated for primary and 
secondary endpoints at 24 weeks. The primary analy-
sis is based on intention-to-treat (ITT) principles. ITT 
analyses will be used for all clinical outcome variables. 
Every patient who has received at least one dose of study 
medication will be included in the ITT analysis. A per-
protocol analysis will also be performed in patients who 
received >80% of the study medication. When deemed 

https://www.toetsingonline.nl
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necessary, missing data will be dealt with accordingly 
with supportive statistical analyses (e.g. imputation or 
appropriate models) to assess the potential effects. These 
methods will be addressed in the final manuscript. Treat-
ment effects will be analysed by comparing the difference 
in proportion with biochemical remission at 24 weeks 
between both groups. Values will be compared using Stu-
dent’s t test, Mann-Whitney U test, Pearson test, Wilcox-
on’s rank sum test, Wilcoxon signed-rank test, chi-square 
test or Fischer’s exact test, as appropriate. Time to remis-
sion will be tested and compared using a Kaplan-Meier 
survival analysis with log-rank test. Time to remission 
will be censored at 24 weeks. Significance of statistical 
differences is attributed to p <0.05. All statistical analyses 
will be performed with Statistical Package for Social Sci-
ences (SPSS), version 22.0.

Monitoring and safety
AEs are defined as any undesirable experience occur-
ring to a subject during the study, whether or not con-
sidered related to the investigational product. All AEs 
reported spontaneously by the subject or observed by 
the investigator will be recorded. A SAE is any untoward 
medical occurrence or effect that (a) results in death; (b) 
is life-threatening (at the time of the event); (c) requires 
hospitalisation or prolongation of existing inpatients’ 
hospitalisation; (d) results in persistent or significant dis-
ability or incapacity; (e) is a congenital anomaly or birth 
defect; and (f ) required medical or surgical intervention 
to preclude of any other important medical event that 
did not result in any of the outcomes listed above due 
to medical or surgical intervention but could have based 
upon appropriate medical judgement. The investigator 
or participating site will report SAEs within 24 h to the 
coordinating investigator. The coordinating investiga-
tor will report the SAE to the medical ethical committee 
via Toetsingonline.nl within 7 or 15 days, dependently 
whether the SAE result in death or life-threatening event.

Auditing and monitoring
Clinical trial and data monitoring is performed by a set 
monitor assigned by the LUMC. The trial monitor will 
assess the progress of the trial at defined intervals, safety 
data, and critical efficacy variables and recommend to the 
sponsor whether to continue, modify, or terminate the 
trial. Auditing upon invitation of the hospital board can 
occur. The frequency is unknown.

Composition of the coordinating centre and coordinating
Leiden University Medical Center and Radboud Univer-
sity Medical Center are coordinating centres, where the 
principle investigators are employed. The coordinating 
investigators are located in both centres and have weekly 

digital meetings to discuss the study progress. They are 
responsible for the day-to-day support and are the first 
point of contact for gastroenterologists and hepatologists 
in the Netherlands. Additionally, the coordinating inves-
tigators will be responsible for the data analysis when 
follow-up is completed for all participants. The princi-
pal investigators are updated weekly by the coordinating 
investigators and are invited to meetings at least twice a 
year. The Dutch Autoimmune Hepatitis Working Group 
(DAIHWG) is updated twice yearly on the study’s pro-
gress during meetings. The DAIHWG consists of hepa-
tologists with an interest for AIH from various (study) 
sites.

Amendments
All amendments, with the exception of protocol amend-
ments necessary for the immediate elimination of haz-
ards to study subjects, will be submitted to the medical 
research ethics committee of the Leiden University Med-
ical Centre. Amendments impacting participants will be 
communicated with the participants concerned.

Discussion
There is an urgent need for high-quality trials evaluating 
optimal therapy for AIH. The CAMARO trial addresses 
this clinical need and seeks an evidence base for alterna-
tive options for first-line treatment in patients with AIH. 
The CAMARO trial is an investigator-initiated multicen-
tre, randomised trial comparing the efficacy and safety 
of MMF versus azathioprine, both combined with pred-
nisolone, as first-line treatment in patients with AIH. 
Azathioprine is part of standard care, but the response 
is not universal, approximately 15% of patients experi-
encing AEs that necessitate cessation of azathioprine 
or changes in therapy [11]. Durable remission of AIH is 
needed to prevent further progression to end-stage liver 
disease and reduce liver-related morbidity and mortal-
ity. MMF is mainly used as second-line rescue therapy 
in AIH patients who are either intolerant or refractory 
to azathioprine. A select number of prospective stud-
ies evaluated MMF as first-line therapy in AIH [28–30]. 
Prospective randomised data on first-line therapy with 
MMF are lacking. Previous studies, mostly retrospective 
observational case series, have indicated that MMF is 
able to rescue azathioprine intolerant AIH patients, but 
not patients in whom azathioprine was unable to achieve 
remission.

In the CAMARO study, we deliberately chose to inves-
tigate the induction phase rather than maintenance of 
remission, as we know that AIH patients who have a rapid 
response to induction therapy have a better survival rate 
than patients without this rapid response [38, 39]. Whether 
this is due to disease-specific variables is unknown. In the 
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literature, clinical trials that evaluate induction therapy 
in AIH are limited. It is worrisome that (a) there is a pau-
city of ongoing clinical trials in adult AIH, and (b) many 
trials are discontinued prematurely, and results are not 
reported. A double-blind, randomised, phase-IIb study 
investigated the role of budesonide in inducing remis-
sion in 203 patients with AIH. The primary endpoint was 
complete biochemical remission, defined as serum AST 
and ALT within the normal range, without steroid-specific 
side effects, at 6 months [37]. Another randomised study 
compared cyclosporine-A with prednisolone as an alter-
native treatment for the induction of remission, using the 
primary endpoint ‘complete remission’, defined as achiev-
ing AST and ALT in the normal range and the absence of 
any clinical signs of deterioration [40]. A recent ongoing 
phase II, randomised, double-blind, placebo-controlled 
trial investigates the role of JKB-122 as an adjunct ther-
apy to prednisolone and azathioprine in the induction of 
remission (ClinicalTrials.gov: NCT04371718). A Danish 
research group started a clinical trial in 2008 investigating 
MMF versus azathioprine as a first-line treatment, similar 
to the CAMARO trial (ClinicalTrials.gov: NCT00687180). 
However, these results have not yet been published. The 
majority of discontinued studies were stopped due to 
slow enrolment (e.g. ClinicicalTrials.gov: NCT00608894, 
NCT04203875). Other ongoing initiatives in this field 
focus mainly on the use of MMF as second-line rescue 
therapy in AIH patients or variant syndromes (ClinicalTri-
als.gov: NCT04933292; NCT04376528; NCT02936596).

Only high-quality unbiased data coming from RCTs 
can inform future guidelines. Despite a clear strategy 
at the outset and taking into account a recruitment rate 
with a delayed start at the beginning of the trial, recruit-
ment in the CAMARO trial has taken much longer than 
the initially predicted three years. A number of barri-
ers impeded rapid enrolment. Successful recruitment in 
clinical trials is known to be one of the most challeng-
ing aspects in study completion, especially in the field of 
rare diseases. First, an international multicentric setup 
was needed to achieve recruitment targets. Due to vari-
ous site-specific obstacles, administrative processes were 
met with delays (e.g. different electronic infrastructure, 
institutional policies, and contract requirements). Sec-
ond, the choice of induction therapy is at the discre-
tion of the attending physician. Only patients who were 
prescribed the fixed-dose prednisolone regimen could 
be included. This requirement resulted in lower inclu-
sion rates. However, using a fixed-dose schedule instead 
of symptom-triggered treatment allows better com-
parison across arms. Third, a current challenge is that 
industry-driven trials in this field are on the horizon. 
These projects are better funded and allow for reim-
bursement of physician-patient interaction. We did not 

offer reimbursement for the time invested by physicians. 
In fact, it is remarkable that we have been able to con-
duct this study despite lacking the necessary funding. 
The CAMARO is an example of drug repurposing as a 
strategy to identify new uses for approved or investiga-
tional drugs outside the original label’s scope. MMF and 
different second- and third-line therapies (e.g. tacroli-
mus, ciclosporin) have never been registered for specific 
use in AIH. Active presence, both onsite and on social 
media, low-threshold assistance with inclusion, use of 
newsletters for clinicians, and involvement of patient 
organisation(s) are of the utmost importance for aware-
ness of a clinical trial. In order to spur enrolment, the 
option of a phone consultation with the study coordina-
tors by phone (24/7) was given to verify eligibility crite-
ria. This increased the rate of inclusions. Simultaneously, 
a close-knit international network of general and aca-
demic hospitals is fundamental for a successful RCT in 
rare diseases like AIH. The CAMARO trial is carried out 
by the Dutch Autoimmune Hepatitis Working Group 
and fourteen participating centres in the Netherlands 
and Belgium. Inclusion is reliant on this network.

Some limitations to the study must be considered. In the 
CAMARO trial, we excluded patients with variant syn-
dromes, and results from our trial cannot be extrapolated 
to this population. Additionally, the primary outcome 
definition is slightly different from current guidelines. A 
recent study initiated by the International Autoimmune 
Hepatitis Group proposed five standardised endpoints 
in AIH management [38]. Our definition of biochemical 
remission almost aligns with the ‘complete biochemical 
response’ endpoint, defined as ‘normalisation of serum 
transaminase activity and IgG level below the ULN, and 
should be achieved no later than 6 months after initiation 
of treatment’. Despite different wording, the chosen pri-
mary endpoint (including the 6-month time frame) does 
include normalisation of IgG level, which is an advantage 
compared to previous studies [37, 40].

In conclusion, the results of the CAMARO trial will 
provide evidence on the efficacy of MMF relative to aza-
thioprine in incident AIH cases.

Trial status
The trial was registered on 14 September 2016 in the 
clinical trial register (URL: https:// clini caltr ials. gov/ ct2/ 
show/ NCT02 900443). The first patient was randomised 
on 26 January 2017. The trial is ongoing and actively 
recruiting. To date, 66 patients of the 70 patients have 
been randomised. The original plan was to complete 
recruitment in 2018. However, the recruitment chal-
lenges among the different sites and the pandemic of 
COVID-19, have had a severe impact on our enrolments 
and will unfortunately result in a delayed end date.

https://clinicaltrials.gov/ct2/show/NCT02900443
https://clinicaltrials.gov/ct2/show/NCT02900443
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