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1 | INTRODUCTION

| Fernando Alvarez'?

Abstract

Objectives: Pediatric autoimmune hepatitis has an incidence of 0.23/100.000
children in North America, with a bleak prognosis if left untreated. Steroids are
the therapy of choice but are not always effective. B cell depletion is a safe and
effective therapy that allows for a steroid-sparing protocol, especially in patients
who do not tolerate side effects.

Methods: We retrospectively reviewed rituximab-treated patients between 2017
and 2022. Demographics, previous treatments, reasons for B cell depletion,
response, and adverse effects were noted.

Results: Six patients with a mean age of 10.2 years were included. All patients had
comorbidities that rendered treatment with steroids unsuccessful or undesirable.
Rituximab was started at a mean follow-up of 8 months. After 6 months, the
mean alanine transaminase and aspartate transaminase levels decreased from 575
IU/L and 342 IU/L, respectively, to 28 IU/L (p=0.02) and 36 IU/L (p=0.008),
respectively. Mean y-glutamyl transpeptidase decreased from 105 to 25 IU/L
(p=0.01). Immunoglobulin G levels were normalized in all patients (p =0.01). No
severe adverse events were observed. One patient had persistent hypogammaglo-
bulinemia, and another had lymphopenia.

Conclusion: B-cell depletion is an effective and safe treatment for autoimmune
liver diseases and should be included as an option, particularly for relapsing
patients in whom steroids are undesirable or have shown nonadherence.
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cholestatic disease characterized by bile duct inflammation
and stricture development.® The International Autoimmune

Pediatric autoimmune liver diseases (AILD) are divided
into autoimmune hepatitis (AIH) and autoimmune scleros-
ing cholangitis (ASC)."™ AIH is a chronic hepatitis with
elevated immunoglobulin G (IgG), autoantibodies, and
lymphoplasmacytic infiltration of the parenchyma. It can be
classified into type 1 (AlIH-1), positive antinuclear (ANA) or
anti-smooth-muscle (ASMA) antibodies, and type 2 (AlH-
2), positive anti-liver-kidney microsomal type 1 (anti-LKM-
1) or anti-liver cytosol type 1 (anti-LC-1). AlH-1 affects all
ages, AlH-2 is predominantly diagnosed in pediatric female
patients and has a more severe course.”’ ASC is a

Hepatitis Group (IAIHG) described the diagnostic crite-
ria®'° that were later validated for pediatric patients.'"'

If untreated, AIH has a 32% survival rate at 5 years.'?
Treatment consists of steroids with azathioprine, with
excellent responses.®>>'* Side effects are frequent, with
diabetes, hypertension, growth stunting, and osteoporosis
having been described.'® Treatment objective is normal-
ization of transaminase and IgG levels, with autoantibody
negativization.®'® Unfortunately, 20% of patients do not
adequately respond, relapse during steroid withdrawal,?®
or present comorbidities that contraindicate steroid use.'®
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Biologic agents have gained popularity owing to their
efficacy in other diseases, and rituximab,’®'® a CD20
antibody, impairs B cell autoantigen presentation by
blocking inflammatory responses.?®=2

2 | PATIENTS AND METHODS
We conducted a retrospective review of patients with
AILD diagnosed at Centre Hospitalier Universitaire
(CHU) Sainte-Justine between 2017 and 2022. All
rituximab-treated patients were included, but those
who received other biological agents were excluded.
The protocol consisted of 4 weekly doses of 375 mg/m?
and then every 6 months. Perfusion was provided at the
hospital under clinical surveillance. Demographic data,
reasons for rituximab treatment, and side effects were
also recorded. Liver enzymes, 1gG, and autoantibody
levels were measured before each dose. CD20+ cells
were measured using flow cytometry to evaluate the
treatment response and guide the best timing of the
subsequent dose. Biopsy results were simplified accord-
ing to the IAIHG score.® All patients were followed up at
the outpatient clinic, with four visits per year and another
four telephonic follow-ups by our team nurses. Further-
more, all patient information was strictly stored and
updated in the electronic database. Control biopsies
were not part of our protocol if remission was sustained.
Normality of the data was evaluated using the
Kolmogorov-Smirnov test. Changes in transaminase
levels were analyzed using One-Way analysis of
variance or Friedman's test. Independent variables
were compared using Fisher's Exact Test. Statistical
significance was set at p<0.05. This study was
conducted using the STROBE guidelines for observa-
tional studies (see Supplementary STROBE Checklist).
Given the anonymity and retrospective nature of
this study, a waiver from the ethics committee of CHU
Sainte-Justine the review of medical charts and
publication of results was obtained.

3 | RESULTS

Eighty-six patients were diagnosed with AILD, and six
were treated with rituximab (five females and one
male). The mean age was 10.2 years (range, 14
months—15.4 years). The time to the first rituximab
dose was 8 months (0-24 months, ¢®=72.5). The
mean follow-up period after B cell depletion was 21.5
months (9-42 months, o°=233) (Table 1).

The mean pretreatment alanine transaminase (ALT)
was 575 IU/L (range 116-2200), and 28 IU/L (range
16-51) at 6 months (p < 0.001). Four patients had normal
ALT levels at 6 months. Changes in aspartate transami-
nase were similar, with a mean of 342 IU/L before
treatment (range 100-966), and 36 IU/L (range 20—48)

What is Known

* Pediatric autoimmune hepatitis has a poor
prognosis if untreated, with 32% at 5 years.
 Steroids and azathioprine are the treatment
of choice, with responses of up to 80%, but
many patients do not tolerate the side effects,
leading to nonadherence, particularly in ado-

lescent patients.

Nonadherence, mainly due to side effects, is
the main reason for treatment failure, relapse,
and mortality in these patients.

What is New

¢ Rituximab causes B cell
decreases liver inflammation
patients.
Rituximab appears to be safe and effective
for the induction and maintenance of remis-
sion in adult patients, but pediatric data are
scarce.
Rituximab may be considered the first choice
in selected cases that are either intolerant to
steroid side effects, suffer from other auto-
immune diseases, or when adherence cannot
be ensured.

depletion and

in pediatric

after 6 months (p =0.001) (Figure 1). Mean pretreatment
yGT was 105 IU/L (range 51—405), and 25 IU/L (range
16-56) at 6 months (p=0.03). IgG and autoantibodies
normalized in all patients (p = 0.006) (Figure 2).

Four patients received prednisone as first-line
treatment, but none received prednisone after rituximab
was started (p=0.015). One patient continued to
receive mycophenolate mofetil (MMF) and tacrolimus
as part of the postliver transplant protocol. In another
patient azathioprine was continued as it seemed to allow
for a lower frequency of maintenance doses (Figure 3).

No severe complications, infections, or hospitaliza-
tions were recorded, although one patient required
subcutaneous 1gG replacement therapy, whereas the
other had mild lymphopenia. No flareups occurred. All
patients had an uneventful follow-up and were leading
otherwise normal lives. A brief review of each case is
provided in the following paragraphs:

The first patient had AIH-2 liver failure (anti-LKM
1:320; ASMA 1:160) and underwent liver transplanta-
tion. Biopsy-proven rejection during the first month was
treated with tacrolimus, MMF, and intravenous steroids
without improvement. A follow-up biopsy was compati-
ble with de novo AIH and was treated with rituximab.
Complete resolution followed without relapse to date.
The patient received subcutaneous IgG for persistent
hypogammaglobulinemia.
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TABLE 1

Patients' demographics and descriptions.

Dx Age Dx Sex IAIHG Score  Time to rituximab

Reason for B cell depletion Complications

AlH-2 14 m F 20 13 m

AH2 6y6m F 19 om

AlH-1 13y6m F 21 3m

AlH-1 15y4m F 19 0Om

ASC 14y2m M 20 24 m

ASC 10y3m F 20 7m

Liver transplantation
Steroid-resistant acute rejection
Warm autoimmune hemolytic anemia

Hypogammaglobulinemia

Chronic neutropenia No
LOF of IL17R

Steroid-dependence No
Hyper IgM and IgA

Concomitant EBV infection

Severe acne with steroids

Severe acne No
Incipient metabolic syndrome
Family history of autoimmune diseases

First-line treatment failure
Second-line treatment failure
Possible nonadherence
Growth stunt

Persistent lymphopenia

Psychiatric troubles with nonadherence  No

Abbreviations: AIH-1, autoimmune hepatitis type 1; AIH-2, autoimmune hepatitis type 2; ASC, autoimmune sclerosing cholangitis; EBV, Epstein-Barr virus; IAIHG,
International Autoimmune Hepatitis Group; |g, immunoglobulin; IL17R, interleukin-17R; LOF, loss of function; m, month; y, year.

The second patient, known for chronic neutropenia
secondary to interleukin-17R loss-of-function, was re-
ferred for hypertransaminemia. AlH-2 was diagnosed,
with hyper-IgG, anti-LC1 (1:80), and lymphoplasmacytic
infiltration in biopsies. Treatment with rituximab was
initiated as a first-line treatment to control both condi-
tions, with liver enzymes and neutrophil count normaliz-
ing quickly. No complications were observed.

The third patient presented with elevated transa-
minases and serum immunoglobulins with ANA
(1:160) positivity. IgM against the Epstein-Barr virus-
viral capsid antigen (EBV-VCA) was noted; therefore,
bystander hepatitis was suspected. After spontaneous
initial improvement, deterioration occurred. Steroids
and azathioprine were started with excellent results;
however, severe acne developed, and the disease
relapsed with steroid withdrawal. Biopsies were
compatible with AlH, and rituximab was initiated
considering active EBV replication. Enzymes and
IgG normalized quickly. No complications or relapses
were noted, and acne resolved rapidly. Azathioprine
was continued as it seemed to decrease the frequency
of maintenance doses.

Fourth had hypertransaminasemia, severe acne, and
metabolic syndrome. Elevated IgG, ANA (1:5120), and
anti-deoxyribonucleic acid (DNA) (1:640) were present,
with biopsies confirming AIH-1. Rituximab was started as
the first-line therapy together with azathioprine due to
great concern for steroid-related side effects. The
enzymes normalized after induction, and the patient
remained in remission without complications. Azathio-
prine was discontinued after the first maintenance dose,
with no apparent change in the biochemical results.

The fifth patient was referred for hypertransamina-
semia and jaundice, with ANA positivity (1:320). Biopsy
showed lympho-plasmacyte infiltration and ductular
changes, with magnetic resonance showing bile ducts
irregularities, confirming the diagnosis of ASC. Steroids
and azathioprine were initiated; however, severe acne
and growth stunt developed. Furthermore, disease
relapse was noted when steroids were tapered.
Tacrolimus was administered without success; there-
fore, rituximab was initiated. Enzymes normalized
quickly, and remission was maintained without compli-
cations, except for mild lymphopenia.

The last patient was referred to our hospital for
cholestasis and hypertransaminasemia. ANA (1:160)
positivity, biopsies with Ilymphoplasmacytic infiltration
and neoductular formation, and magnetic resonance
imaging with bile duct irregularities confirmed the diagno-
sis of ASC. Steroids and azathioprine were effective;
however, the patient developed steroid-related metabolic
syndrome. The patient developed psychiatric problems
with treatment adherence becoming impossible; therefore,
rituximab was started and other treatments were stopped.
Enzyme normalization was observed after induction, and
no relapses or complications were observed.

4 | DISCUSSION

AlH was described in 1950, when Waldenstrom
reported a chronic hepatitis with elevated I1gG levels
affecting women that led to cirrhosis and liver failure.®*
Although advances have been made, several steps in
its pathogenesis remain to be elucidated. Treatment
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FIGURE 1

guidelines rely on broad immunosuppression'?*2°;

however, side effects remain a major problem for
patients. In pediatrics, biological and sociological
factors must be considered. Not only must the risk of
developing hypertension, diabetes, and glaucoma be
considered; however, hirsutism, acne, and weight gain
are reasons for nonadherence, especially in adoles-
cents.’®?’31 Calcineurin inhibitors have been suc-
cessful; however, frequent control of the trough levels
is necessary. Moreover, treatment adherence is varia-
ble because of frequent side effects.?6%2

Newer medications capable of targeting specific
steps in the immune response have made the search
for alternative therapies fruitful. Biological agents may
be effective, and reports of success with infliximab
have been published.®® Similar agents have been
proposed.3*3°

ALT and AST levels before and after rituximab treatment. ALT, alanine transaminase; AST, aspartate transaminase.

We successfully used rituximab in six patients with
AILD, either due to treatment failure, development of
side effects, concomitant autoimmune diseases, or
avoidance of complications from pre-existing conditions.

Rituximab is an antibody against CD20 that causes
B cell depletion. Despite being a T cell-mediated
disease, B cells are still required for the maintenance
of the immune reaction. B cells function not only as
immunoglobulin-producing cells but also as antigen-
presenting cells for T lymphocytes. Moreover, cyto-
kines secreted by B cells determine the fate of T helper
cells (Th,1 and T,17). These B-T cell interactions are
central to providing the costimulation needed for
immune reactions to be sustained.**=*° Furthermore,
the existence of CD20+ T cells implicates previously
unknown pathophysiological pathways.*®*! Although it
has proven effective in animal models,® it is not
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formally approved as an option owing to lack of data,®*
despite favorable experiences having been published
and scientific societies suggesting its use when other
medications fail.'®6:1942=45 Nonetheless, information
regarding its long-term safety profile is lacking. The
effects of chronic B cell depletion, an increased risk of
infections, and hypogammaglobulinemia development
are some of the questions. However, most data are
from its use in hematologic diseases, which are already
associated with most of these complications.*¢*” In our
series, one patient developed hypogammaglobuline-
mia, and another chronic lymphopenia, but none had
severe infections nor had to be hospitalized. Other
studies have reported similar results.'®'94? Although
perfusion reactions are possible,'® our patients did not
experience them.

All our patients had normalized liver enzymes after
induction. They all required maintenance doses every 6
to 12 months to prevent relapses, which appeared to be
preceded by CD20+ cell recovery. None of the patients
lost response to rituximab, which has been reported by
some authors.>®849 These differences might be due
to the small sample size or the use of maintenance
doses, keeping CD20+ cells and IgG in the lower limits
of normal.

Steroid withdrawal was achieved in our patients,
particularly beneficial in those with nonadherence
secondary to their side effects. In one patient, the
development of psychiatric problems made conven-
tional treatment impossible. However, remission was
achieved with rituximab and adherence was no longer
a concern (Table 1, Figure 3).

The only published series of rituximab-treated
patients comes from the IAIHG, which reported 22
successfully treated adults.®® Although our group
reported the first two cases,'® after proving its effective-
ness in murine models,*” pediatric data are scarce with
one other published article with six pediatric patients."”
In this study, the authors also found that rituximab was
safe and effective for the treatment of these diseases.

The limitations of our findings should be mentioned,
as the retrospective and single-center nature of this
study makes variable isolation and bias avoidance
difficult. These limitations are particularly true for rare
diseases, where the number of patients is small.
Nonetheless, despite the inherent differences between
our patients, all of them were diagnosed, treated, and
followed by the same hepatologist, which allowed for
an important degree of standardization.

We found that rituximab is effective and safe for
AILD, and we believe that it should be the first-line
treatment in cases where steroids may be dangerous.
Moreover, in patients with nonadherence due to
steroid-related side effects, treatment should be started
early to avoid relapse. However, validation through
larger prospective studies is required to further support
our conclusions.
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