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Introduction

Abstract

Background and Aim: Standard treatment for autoimmune hepatitis (AIH) consists
of predniso(lo)ne and azathioprine. However, alternative therapy is required for non-
or partial responders and in cases of side effects. The aim of this study was to evalu-
ate the treatment outcomes associated with chloroquine plus prednisone in AIH
patients.

Methods: Fifty-seven patients were recruited to receive either azathioprine or chloro-
quine, both with prednisone, in a randomized trial. The primary end-point was com-
plete remission, based on normalization of aminotransferase levels in the first
6 months of treatment plus maintenance for at least 18 months, with minimal or no
inflammatory activity in the liver biopsy. Secondary end-points were partial and non-
response, severe side effects, and treatment withdrawal.

Results: There were no differences between groups regarding clinical, serological,
histological, and treatment characteristics at baseline. There were no significant differ-
ences in the biochemical response rate (67.7 vs 53.8%, P =0.41) or the complete
remission rate (32.26 vs 15.38%, P = 0.217). However, despite the long study period,
the sample size was smaller than that required for a noninferiority study. The mean
prednisone dose was similar in both groups. There was a nonsignificantly higher rate
of adverse effects and a tendency toward improvement in glycemic and cholesterol
profiles in the chloroquine group (P = 0.09 and P = 0.07, respectively).

Conclusions: The combination of chloroquine and prednisone exhibited potentially
beneficial effects in AIH patients (ClinicalTrials.gov: NCT02463331).

(rituximab and infliximab), have been used to a very limited degree

Autoimmune hepatitis (AIH) is a chronic inflammatory disease
that progresses to cirrhosis in the absence of treatment.!> The
standard therapy, consisting of predniso(lo)ne and azathioprine,
induces biochemical remission in most patients. Nonetheless, a
complete response, including clinical, biochemical, and histologi-
cal remission, is the most desirable treatment end-point as it leads
to a greater chance of maintaining remission after treatment
withdrawal.**

Nonrandomized trials and case reports evaluating alterna-
tive therapies for AIH, comprising budesonide, mycophenolate,
and calcineurin inhibitors, have reported clinical-laboratory
improvement with all treatments.>™ Of these treatments, only
budesonide and mycophenolate were compared to standard ther-
apy. More recently, coadministration of allopurinol along with
azathioprine has been used to redirect the metabolism of
thiopurine to 6-thioguanine, and salvage therapies, such as mecha-
nistic target of rapamycin (mTOR) inhibitors and biologicals

for poor responders to the standard autoimmune hepatitis (AIH)
treatment, with high rates of side effects.®

Chloroquine is an antimalarial drug that is a well-
established treatment for autoimmune rheumatic diseases, mainly
as an adjuvant to modulate inflammation. There are reports of
improved survival rates in lupus patients after chloroquine
treatment.”™"" The mechanism of action of chloroquine involves
several steps of the immune response. Chloroquine interferes
with lysosomal phagocytic function, reduces antigenic presenta-
tion by antigen-presenting cells, and triggers the initiation and
perpetuation of an immune response. Concomitantly, it inhibits
the production of cytokines (such as interferon alpha and tumor
necrosis factor alpha), and they inhibit the Th17 response.'*!'?

A Brazilian pilot study demonstrated that chloroquine was
effective for the maintenance of AIH remission after standard
treatment discontinuation.® Based on this study, our group con-
ducted a double-blind randomized trial comparing chloroquine
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The chloroquine role in autoimmune hepatitis

and placebo after treatment discontinuation in patients with com-
plete remission, which demonstrated a significant reduction in
HAI recurrence in the chloroquine group.'* The drug was safe
even in cirrhotic patients.

Considering the benefits of chloroquine in extrahepatic
autoimmune diseases, its safety in cirrhotic patients, and its effec-
tiveness in maintaining AIH remission, the aim of this study was
to evaluate whether chloroquine could induce AIH remission in a
randomized trial.

Methods

Patients. The period of inclusion was from 2003 to 2012. The
inclusion criteria were as follows: age >18 years; definite AIH
diagnosis according to the 1999 criteria of the International Auto-
immune Hepatitis Group (IAIHG)'®; and treatment indication:
increase of aminotransferase level >10-fold or >5-fold the upper
normal value along with gammaglobulin level >2-fold the upper
normal value or inflammatory activity in a liver biopsy (active
chronic hepatitis, plasma cells/rosettes, or confluent necrosis).
Not all patients were initially biopsied for specific reasons, such
as thrombocytopenia, or because they had a definitive diagnosis
of AIH, with clinical signs of cirrhosis.

Treatment-naive and previously treated patients who
relapsed after treatment withdrawal were included. Relapse was
defined according to the IAIHG criteria'” as the increase of ami-
notransferase levels >twofold the upper limit in at least two mea-
sures, with continuous increases in their values. The exclusion
criteria were as follows: clinical signs of decompensated cirrhosis
such as ascites, encephalopathy, or gastrointestinal bleeding;
pregnancy; and overlapping syndromes.

Study design. This was an interventional, single-center,
open-label, randomized controlled trial undertaken in Brazil. The
authors designed the protocol, acquired and maintained the data,
and conducted the statistical analysis. The protocol was approved
by the local ethics committee (ID: 0571/04) and registered in the
ClinicalTrials.gov database (NCT02463331). All subjects signed
a written informed consent form before enrolment, and the study
was conducted according to good clinical practices and the Dec-
laration of Helsinki.

Interventions and safety. For the standard treatment
group, azathioprine was administered at an initial daily dose of
50 mg and adjusted by up to 2 mg/kg/day according to tolerance
and the results of the laboratory tests. In addition, prednisone
was given at an initial dose of 30 mg/day and gradually tapered
to 5-15 mg/day. The chloroquine plus prednisone group received
250 mg/day chloroquine diphosphate and the same prednisone
regimen as the standard treatment group. All patients attended
monthly consultations during the first 6 months of the protocol in
order to assess treatment tolerance and undergo laboratory tests.
After month 6, medical appointments were made every 2 months.
Adverse effects were recorded and characterized as drug-related
or not. All chloroquine users underwent initial and annual oph-
thalmologic evaluation. The drug was withdrawn according to
the guidance of the ophthalmologists.
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Primary outcome. The primary outcome was complete
remission (including biochemical response and histological
remission). Complete remission is characterized by normalization
of aminotransferase levels in the first 6 months of therapy (bio-
chemical response) and maintenance within the normal range for
at least 18 months. At 18 months, liver biopsies were performed
to assess histological remission, which was defined as minimal
or no periportal activity evaluated by experienced liver patholo-
gists. However, if there was an exacerbation, the 18-month bio-
chemical response period was restarted.

Secondary outcomes. Secondary outcomes included treat-
ment failure, partial response, and adverse effects that led to drug
withdrawal. Treatment failure was defined as a decrease of 50%
in serum aminotransferase levels by month 6 of treatment despite
adequate adherence to therapy. Partial response was defined as a
decrease of more than 50% in serum aminotransferase levels but
without normalization. Although chloroquine and azathioprine
are not formally contraindicated during pregnancy, treatment was
discontinued if a patient became pregnant.

Autoantibody testing. Antinuclear (ANA), antismooth
muscle (ASMA), antiliver/kidney microsomal type 1 (anti-
LKM1), and antiliver cytosol (anti-LC1) antibodies were tested
using an indirect immunofluorescence method on rat substrates.
Antisoluble liver antigen/liver pancreas (anti-SLA/LP) antibodies
were detected using a Quanta Lite SLA enzyme-linked immuno-
sorbent assay (ELISA) kit INOVA Diagnostic Inc.; San Diego,
CA, USA).

Sample size and randomization. The estimated required
sample size was 122 participants per group considering a nonin-
feriority margin of 15% for the proposed therapy. Generally,
noninferiority studies require a large sample, which is a challenge
in studies of unusual diseases such as AIH. Thus, the sample size
was arbitrarily defined as the sample size achieved after 9 years
of study, with an expectation that approximately 70 participants
(approximately 35 per group) would be recruited (at an average
rate of eight patients per year).

Eligible patients were randomized to receive either azathi-
oprine or chloroquine, both with prednisone. Over the 9 years,
only 57 patients fulfilled the eligibility criteria and agreed to par-
ticipate in the trial. The number of participants in each group
was different because enrollment was conducted in the form of a
lottery; 35 azathioprine treatment spaces and 35 chloroquine
treatment spaces were sequentially numbered from 1 to 70, and
the patients were assigned a random number (from 1 to 70) and
then allocated to the corresponding group. The head of the outpa-
tient clinic, one of the trial investigators, registered and assigned
participants to the proposed interventions.

Statistical analysis. Quantitative variables are expressed as
mean + SD, while qualitative variables are expressed as percent-
ages. The 95% confidence intervals were calculated for the mean
dose of prednisone for patients who achieved a biochemical
response and for those who achieved complete remission. Data
were analyzed using the Mann—Whitney U test, Anderson—
Darling test, and Fisher’s exact test when applicable. All calcula-
tions were performed using the statistical package R (R Core
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Team, Vienna, Austria, 2014). A two-sided P value <0.05 was
considered statistically significant.

Results

Baseline characteristics of patients. Fifty-seven
patients were included from 2003 to 2012. The follow-up period
was variable because, if an exacerbation occurred during treat-
ment, the 18-month period of assessment of serum aminotrans-
ferase levels would be restarted before the liver biopsy was
taken. There were no differences in clinical, biochemical, or his-
tological characteristics at baseline (Table 1).

Regarding the type of AIH, anti-SLA/LP reactivity is
reported separately as it has been related to a different disease
behavior in comparison to AIH type 1 (characterized by the pres-
ence of ANA and/or ASMA) and AIH type 2 (characterized by
the presence of anti-LKM1 and/or anti-LC1 autoantibodies).
However, some patients tested positive for ANA and/or ASMA
and anti-SLA/LP simultaneously, and so, they were classified as
AIH type 1 patients and as anti-SLA/LP carriers (Table 1).

In this study, 33 participants (57.9%) were undergoing
treatment for the first time, and 24 (42.1%) were undergoing
retreatment. Follow-up data on the participants are shown in
Figure 1.

The chloroquine role in autoimmune hepatitis

Primary outcome. The biochemical response rate up to month
6 of treatment is shown in Table 2. For the azathioprine group, the
mean azathioprine dose was 89.29 + 5.34 mg/day, and for the chlo-
roquine group, the chloroquine dose was fixed at 250 mg/day. The
mean prednisone doses are described in Table 2, with no significant
difference between the groups (P =0.18). The 95% confidence
intervals were calculated for the mean dose of prednisone.

After 18 months of maintenance of biochemical remission,
liver biopsy was performed to evaluate complete remission. Eleven
patients did not undergo liver biopsy due to loss to follow-up, preg-
nancy, or clinical deterioration (Fig. 1). In the azathioprine group,
21 patients maintained a biochemical response, and 16 of them under-
went liver biopsies. In the chloroquine group, 14 patients maintained
a biochemical response, and 8 of them underwent liver biopsies.
There was no significant difference in the complete remission rate
between the study groups (Table 2). The mean dose of azathioprine
at the time of histological remission was 82.5 £ 6.51 mg/day. The
mean prednisone doses are described in Table 2.

Biochemical response rates and complete remission rates
were also compared between treatment-naive and relapsed
patients, with no significant differences between groups (Fig. 2).

Secondary outcomes. Patients were withdrawn from the
protocol due to serious adverse effects, clinical deterioration,
pregnancy, partial response, or treatment failure (Fig. 1).

Table 1 Clinical, laboratory, and histological characteristics of patients at baseline

AZA/PD group (n = 31) CQ/PD group (n = 26) P

Female gender 24 (77.4%) 21 (88.5%) 0.32
Age 37.23 +17.63 37.54 4+ 15.99 0.89
AST (U/L), UNL: <319/<3738 352.47 + 68.85 306.31 £ 67.14 0.85
ALT (U/L), (UNL: <319/<413) 323.03 £ 53.31 302.23 + 65.43 0.48
ALP (U/L), UNL: <104Q/<1208) 187.1 £29.75 135.52 + 14.3 0.43
GGT (U/L), (UNL: <369/<613) 195.59 + 37.55 185.76 4+ 35.98 0.80
Albumin (g/dL) (normal range 3.4-4.8) 3.83+0.12 3.68 +£0.12 0.38
Total bilirubin (mg/dL) (normal range: 0.2-1.0) 3.563 + 1.07 2.64 + 0.68 0.48
Gamma globulin (g/dL) (normal range: 0.7-1.5) 2.63 +0.26 2.78 +0.29 0.81
1gG (mg/dL) (normal range: 952-1538) 2516 + 388.06 3571.33 £ 711.62 0.29
INR (normal range: 0.95-1.2) 124 +£0.2 1.23+0.25 0.66
Cirrhosis at onset’ 11 (44%) 14 (66.7%) 0.15
Liver histology at AIH diagnosis 27 (87.0%) 21 (80.7%) 0.71
AlH type 1 24 (77.4%) 21 (80.7%) 1

ANA (>1:80) 4 (16.6%) 2 (9.5%) 0.67

SMA (>1:80) 11 (45.8%) 9 (42.8%) 1

ANA + SMA 9 (37.5%) 10 (47.6%) 0.55
AlH type 2

Anti-LKM1 (>1:80) 3(9.7%) 2 (7.7%) 1
Anti-SLA/LP 9(29.0%) 8 (30.8%) 1
Pretreatment IAIHG diagnostic score

Definite AlH (16-22)* 30/31 (96.8%) 26/26 (100%) 1
Initial therapy 18 (58.1%) 14 (53.8%) 0.79

"The diagnosis of cirrhosis was based on histological alterations and clinical and laboratory features.

*One patient in the azathioprine group had pretreatment probable AIH but demonstrated a definite diagnosis after relapsing when prednisone was
withdrawn.

AlH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibodies; Anti-SLA/LP, antisoluble liver
antigen/liver pancreas antibodies; ASMA, antismooth muscle antibodies; AST, aspartate aminotransferase; AZA, azathioprine; CQ, chloroquine; GGT,
gamma glutamiltranspeptidase; IAIHG, International Autoimmune Hepatitis Group, 1gG, immunoglobulin G, INR, international normalized ratio; LKM,
liver/kidney microsomal; PD, prednisone; UNL, upper normal limit.
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57 participants underwent randomization

31 were assigned to receive
azathioprine plus prednisone

26 were assigned to receive
chloroquine plus prednisone

3 became pregnant

1 was lost to follow-up

2 discontinued treatment due to adverse effect
4 were partial responders

21 reached biochemical remission up to
the sixth month of treatment

2 denied submission to liver biopsy
3 lost the follow-up

16 underwent liver biopsy

Figure 1 Flow chart of patients followed up.

1 became pregnant

1 was lost to follow-up

1 discontinued treatment due to adverse effect
1 discontinued treatment due to sepsis

4 were partial responders

4 had treatment failure

14 reached biochemical remission up
to the sixth month of treatment

1 became pregnant
3 discontinued treatment due to side effects
2 discontinued treatment due to clinical
deterioration

\

8 underwent liver biopsy

Table 2 Evaluation of biochemical response and complete remission rates in the study groups

Treatment evaluation AZA/PD group (n = 31) CQ/PD group (n = 26) P

Biochemical response 21 (67.7%) 14 (63.8%) 0.41
Prednisone dose (mg/day) 13.9 (Cl: 6.7-7.8) 10.25 (Cl: 9.3-11) 0.18
Mean time to obtain biochemical response (days) 351.33 £+ 287.71 227.5 +217.83 0.16

Complete remission’ 10 (32.26%) 4 (15.38%) 0.21
Prednisone dose (mg/day) 10.6 (Cl: 9.6-11.7) 11.6 (C1:9.8-13.1) 0.25
Mean time to obtain complete remission (days) 1181.58 + 461.48 1092.57 + 522.46 0.61
Histological remission (considering only patients 10/16 (62.5%) 4/8 (50.0%) 1

with liver biopsy)

TAfter 18 months of maintained biochemical response with histological remission.
AZA, azathioprine; Cl, confidence interval 95%; CQ, chloroquine; PD, prednisone.

Among patients who did not achieve complete remission
and were followed up, there were cases of histological remission
after treatment with another therapeutic regimen. Among them,
four patients received triple therapy with low-dose azathioprine,
chloroquine, and prednisone due to specific reasons (arthralgia,
diabetes, dyslipidemia, or intolerance to higher doses of azathio-
prine). Of these patients, two had previous disease remission
using azathioprine and relapsed after treatment discontinuation.
One of these two patients had previous complete remission with
125 mg/day azathioprine and 12.5 mg/day prednisone, and after
triple therapy, remission was achieved at doses of 75 and
10 mg/day, respectively. The other patient had complete remis-
sion with 125 mg/day azathioprine and 12.5 mg/day prednisone,
and after triple therapy, remission was achieved at doses of
50 and 12.5 mg/day, respectively.

Safety issues. The regimens studied were well tolerated. The
adverse effects related to each drug were classified in relation to
severity according to the Common Terminology Criteria for Adverse
Events (CTCAE)'® (Table 3). Comorbidities such as diabetes, arterial
hypertension, dyslipidemia, and obesity were diagnosed in both study
groups, and prednisone may have played a role in their development.
Although prednisone doses were similar in both groups, there was a
tendency toward improvement in glycemic and cholesterol profiles in
the chloroquine group (P = 0.09 and P = 0.07, respectively) (Fig. 3).
There was a case of sepsis in the chloroquine group at the beginning
of treatment when the dose of prednisone was still high, and chloro-
quine was not yet fully effective. Two patients in the chloroquine
group had clinical deterioration, with decompensated cirrhosis, even
after achieving a biochemical response. Both reported poor treatment
compliance prior to decompensation.
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6.25%)
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Biochemical Response

Complete Remission

Figure 2 Comparison of biochemical response and complete remis-
sion rates between treatment-naive patients and relapsers. The per-
centages of each response in the azathioprine and chloroquine groups
are given in the columns. (m), Treatment-naive (n = 32/57); (m), relapsers
(n = 25/57).

Adverse effects in the azathioprine and chloroquine group
are described in Table 3. There were no cases of severe
cytopenia, but treatment was discontinued in one patient due to
gastric intolerance in the azathioprine group. Maculopathy was
observed in two patients in the chloroquine group, but there were
no cases of ophthalmological complaints. Chloroquine was dis-
continued in four patients: in two cases due to dermatological
effects and in two patients due to chloroquine deposition in the

Table 3 Adverse events among studied patients according to the
Common Terminology Criteria for Adverse Events

The chloroquine role in autoimmune hepatitis

45% -
u AZA+PD
40% 38.7% 38.70%

= CQ+PD

35% A

30% A

25.8%

25% A

20% -

15% A

10% A

05% A

00% -

Dyslipidemia (p=0.07)  Diabetes (p=0.09) Hypertension (p=0.25)  Obesity (p=0.19)

Figure 3 Patients’ metabolic comorbidities during the follow-up.
Groups: (m), AZA+PD; (m), CQ+PD. AZA, azathioprine; CQ, chloroquine;
PD, prednisone.

retinal macula. None of the patients who had adverse effects due
to chloroquine had previously used the drug they took in this
study. The follow-up of these patients ranged from 151 to
696 days.

Discussion

In this study, the response to standard therapy was different from
the rates reported in literature as most studies report biochemical
improvement with azathioprine and prednisone in approximately
90% of cases and complete remission in 40-70% of cases.'”
Despite the recommendation of European and American Guide-
lines to reduce the corticosteroid dose weekly, the dose was
reduced monthly, and even then, the complete remission rate in
the standard therapy group was considerably lower than those
reported in European and American studies.'*

Czaja et al. compared North American and Brazilian
patients with type 1 AIH and observed that the Brazilian patients
had an earlier disease onset, higher serum levels of aminotrans-
ferases and gammaglobulin at onset, and more ASMA

AZA/PD gro:p caPb groip positivity,!” which may partly explain the divergent data in this
Adverse event (n=231), n (%) (n=26), n (%) study and the previous studies regarding the immunosuppressive
Grade 3 therapy response. Additional reasons for the severity of AIH in
Ophthalmological 0 2(7.7) our study are the high frequency of anti-SLA/LP reactivity,
Psychosis 1(3.2) 0 which is related to severe clinical conditions, with a worse prog-
Grade 2 nosis and a greater chance of relapse,'®'? and the genetic back-
Dermatological 0 2(7.7) ground of Brazilian patients, involving a higher frequency of
Neuropathy 0 13.8) human leukocyte antigen (HLA DR13), which has been con-
Ophthalmological 0 2(7.7) nected to a more severe disease status.?’
Headache 0 1338 Regarding the rates of biochemical response and complete
Diabetes of difficult 1.2 0 remission, the rates were lower in the chloroquine group but with
control - no significant differences. Regarding the histological remission
Hypertension of 16.2) 0 rates among the patients who underwent liver biopsies, the rates
difficult control were similar in both groups. Nevertheless, no definitive conclu-
Gastric intolerance 162 0 sion about noninferiority can be made due to the sample size.
Grade 1
) Response to therapy was compared between treatment-
Dermatological 1(3.2) 0 .. . . . L. .
) naive and relapsed patients, with no differences in biochemical
Ophthalmological 0 2(7.7) .
response rate or complete remission rate between groups. In the
AZA, azathioprine; CQ, chloroquine; PD, prednisone. literature, relapsers are more likely to become cirrhotic, but the
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chance of complete remission is no different from that of
treatment-naive patients.?’

There was a higher rate of treatment failure in the chloro-
quine group compared to the standard therapy group, although the
partial response rate in the chloroquine group is not different from
the rate reported in the literature.'®>> The prednisone dose was
also similar in both groups, ruling out the possibility of bias due
to the prednisone dose being greater in the chloroquine group.
Adherence to therapy and possible adverse effects were assessed
at each visit, and the higher treatment failure in the chloroquine
group could not be explained by lack of adherence to therapy.

In this trial, there was a high occurrence of prednisone-
induced comorbidities such as obesity, dyslipidemia, diabetes,
and hypertension in both groups. However, there was a tendency
toward lower frequencies of these comorbidities (especially diabe-
tes and dyslipidemia) in the chloroquine group, despite the similar
corticosteroid doses in both groups. Authors have described favor-
able metabolic effects of antimalarial drugs as lipid and glucose
profiles improve in patients with rheumatological diseases
who are treated with chloroquine or hydroxychloroquine.>*
Decreased hepatic cholesterol synthesis, increased cholesterol
receptor levels, and changes in insulin metabolism and intracellu-
lar signaling may explain these beneficial metabolic effects that
are additional advantages of using antimalarial drugs for treating
autoimmune diseases as corticosteroids are almost mandatory for
the treatment of these diseases.

The main adverse effects in the chloroquine group were
dermatological, which are expected in <10% of chloroquine
users, and ophthalmological, which are even rarer.?® Trials
involving rheumatologic patients suggest a risk of chloroquine
deposition in the retinal macula of 1%, leading to the recommen-
dation of annual ophthalmologic evaluation after 5 years of con-
tinuous chloroquine use.?” On the other hand, there were many
diabetic and hypertensive patients in our study, and retinopathy
related to these comorbidities could be a confounding factor in
the examination of the eye fundus.

Regardless of the reason for nonresponse, all nonre-
sponders to the AIH treatment received another treatment. In
the chloroquine group, four patients achieved complete remis-
sion with prednisone, azathioprine, and chloroquine. This find-
ing points to the possibility of future studies using chloroquine,
an antimalarial drug, as an adjunct to the standard therapy,
which could minimize the side effects of the azathioprine plus
predniso(lo)ne regimen.

The main limitations of the study were the fact that the
number of patients enrolled was lower than the number required
to demonstrate noninferiority of chloroquine and the use of oph-
thalmologic examination instead of fundus autofluorescence or
spectral-domain optical coherence tomography to define chloro-
quine deposition in the retinal macula.”” However, the results of
the study provide a stimulus for conducting larger multicenter ran-
domized clinical trials. In addition, failure to perform more spe-
cific ophthalmologic examinations to diagnose maculopathy was
not a major issue as the treatment time was less than the period
usually required for maculopathy development (5 years).>’

As AIH is an uncommon disease, a multicenter study is
required to recruit enough participants. On the other hand, this
was the first randomized trial evaluating the effects of chloro-
quine in the treatment of AIH compared to standard therapy.

LT de Moraes Falcao et al.

Despite the limitations of the study, the results are very encour-
aging and suggest that chloroquine could be used as an adjuvant
in therapeutic regimens, considering the scarce options for the
treatment of AIH, as chloroquine does not have immunosuppres-
sive effects.
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