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1 | INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory disease of the cen-

tral nervous system characterized by demyelination and axonal loss

| Marco Biolato®* | Chiara De Fino! | Assunta Bianco® |

| Matteo Lucchini® | Giuseppe Marrone® |

Massimiliano Mirabella®

Abstract

Objectives: High-dose pulsed methylprednisolone-related liver injury cases have
been reported in the literature, but a prospective study in patients with multiple
sclerosis (MS) has never been performed. The aim of this study was to evaluate the
prevalence and severity of liver injury in patients with MS after pulsed methylpredni-
solone therapy.

Methods: We performed a prospective observational single-center study on patients
with MS treated with i.v. methylprednisolone 1,000 mg/day for 5 days. We tested the
liver functionality before and 2 weeks after the treatment. In case of severe liver injury,
defined according to “Hy’s law,” a comprehensive hepatologic workup was performed.
Results: During a 12-month observation period, we collected data on 251 cycles of
i.v. steroid treatment of 175 patients with MS. After excluding eight cycles presenting
a basal alteration of the biochemical liver tests, we observed a prevalence of 8.6% of
liver injury in MS patients treated with pulsed methylprednisolone for clinical and
neuroradiological relapses. In 2.5% of the patients, the liver injury was severe accord-
ing to Hy's law; after a comprehensive hepatologic workup, three of them received a
diagnosis of drug-induced liver injury and the other three of autoimmune hepatitis.
Conclusions: Liver injury after pulsed methylprednisolone therapy in patients with
MS is not infrequent, and a close monitoring of aminotransferase level before treat-

ment and 2 weeks later seems advisable.

KEYWORDS

liver injury, multiple sclerosis, relapse, steroids

(Kamm, Uitdehaag, & Polman, 2014). The clinical course of MS is
characterized by relapses and/or disease progression. Relapses are
defined as a new or a worsening neurological deficit lasting 24 hr or

more in the absence of fever or infections signs (Polman et al., 2010).
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Most of MS exacerbations are usually followed by a period of re-
pair leading to a clinical remission, and in some cases, to a complete
recovery (Berkovich, 2013). However, the residual deficits after a
MS relapse may persist contributing to the stepwise progression
of disability; therefore, treating MS relapses is important as it may
help shortening the disability associated with their course as well as
impacting subsequent disease progression (Lublin, Baier, & Cutter,
2003). Corticosteroids are the main pharmacological treatment of
MS relapses with a demonstrated effect, eventually supplemented
by a plasmapheresis cycle (3-5 treatments) in nonresponders pa-
tients (Galea, Ward-Abel, & Heesen, 2015). A high-dose short-term
methylprednisolone therapy is the currently recommended first-line
treatment, acting by reducing the inflammation in the brain and the
spinal cord, thus increasing the probability of ameliorating the clin-
ical episode speeding up the patient recovery (Citterio et al., 2000;
Sellebjerg et al., 2005).

Several different side effects are attributed to corticosteroids,
many of which are dose and duration dependent (Fardet, Kassar,
Cabane, & Flahault, 2007; Schicke, Docke, & Asadullah, 2002).
Focusing specifically on a short-term (pulsed) treatment of high-
dose intravenous methylprednisolone, the adverse events mainly
described in the literature include hyperglycemia, tachycardia, flush-
ing, gastrointestinal symptoms, sleep disturbance, psychotic reac-
tions, neutrophilia, and lymphopenia (Acar et al., 2012; Gal, Vedula,
& Beck, 2015; Lal etal., 2016; Lienert et al., 2013; Shaygannejad
et al., 2013).

High-dose pulsed methylprednisolone treatment has been also
associated with liver injury. By reviewing the literature published in
English, we found a total of forty-seven cases of methylprednisolone-
related liver injury, including patients treated for diseases other than
MS (Carrier et al., 2013; D’Agnolo & Drenth, 2013; Das, Graham, &
Rose, 2006; Davidov et al., 2016; Dourakis, Sevastianos, & Kaliopi,
2002; Dumortier et al., 2017; Eguchi et al., 2015; Ferraro et al., 2015;
Furutama et al., 2011; Gerolami et al., 1997; Grilli, Galati, Petrosillo,
Del Nonno, & Baiocchini, 2015; Gutkowski, Chwist, & Hartleb, 2011;
Hidalgo de la Cruz et al., 2017; Hofstee, Nanayakkara, & Stehouwer,
2005; Loraschi et al.,, 2010; Maamouri et al., 2009; Mariné et al.,
2004; Melamud, Lurie, Goldin, Levi, & Esayag, 2014; Moleti et al.,
2016; Nanki, Koike, & Miyasaka, 1999; Oliveira, Lopes, Cipriano,
& Sofia, 2015; Reup, Retzlaff, Vogel, Franke, & Oschmann, 2007;
Rivero Fernandez et al., 2008; Salvi et al., 2004; Takahashi et al.,
2008; Topal et al., 2006; Weissel & Hauff, 2000). The aim of this
prospective study was to evaluate the prevalence, severity, and risk
factors for liver injury in patients affected by MS treated with pulsed

methylprednisolone.

2 | METHODS

We performed a prospective observational study on adult patients
with MS (defined according to the 2010 revisions of McDonald criteria)
(Polman et al., 2010) treated with methylprednisolone pulses for clini-
cal and neuroradiological relapses (including disease onset) from April

2014 to April 2015 at the multiple sclerosis center of the “Fondazione
Policlinico Universitario Agostino Gemelli,” Catholic University of
Sacred Heart, in Rome, Italy. All the patients with MS who experi-
enced a relapse and with no contraindications to methylprednisolone
treatment have been enrolled. All patients received i.v. methylpred-
nisolone at the dosage of 1,000 mg/day for 5 days. Biochemical liver
function tests, namely aspartate aminotransferase (AST, normal value
7-45 |U/L), alanine aminotransferase (ALT, 7-45 IU/L), total bilirubin
(normal value 0.3-1.2 mg/dl), alkaline phosphatase (ALP, normal value
40-129 1U/L), were performed in our laboratory before treatment and
2 weeks after the end of therapy. In case of abnormality, liver function
tests were repeated every 2 weeks until normalization.

2.1 | Definitions

Liver injury was defined as elevation of ALT (with or without abnor-
malities of the other liver function tests) above the upper normal
limit of our local laboratory (45 UI/L). Causality of ALT elevation was
assessed through the Naranjo scale (Naranjo et al., 1981) and the
World Health Organization (WHO) - Uppsala Monitoring Centre
(UMC) causality assessment.

In case of a severe liver injury, defined according to “Hy’s law”
(hepatocellular injury of any grade associate with bilirubin increase)
(Navarro & Senior, 2006), a comprehensive hepatological workup
was performed. A careful medical history was collected, including
previous exposure to methylprednisolone, concomitant diseases,
eating habits, alcohol consumption, eventual consumption of mush-
rooms, and a detailed history on the use of prescribed and nonpre-
scribed over the counter herbal and other medications or remedies,
including time and quantity of substance intake. Performed blood
tests included biochemical liver tests, complete blood count, coag-
ulation tests, serum protein electrophoresis, microbiological screen-
ing for hepatitis A virus (IgM and IgG antibodies), hepatitis B virus
(HBs antigen, HBc and HBs antibodies, HBV-DNA), hepatitis C virus
(HCV-RNA, anti-HCV antibodies), hepatitis E virus (IgG antibod-
ies), herpes simplex virus 1 and 2 (IgM and IgG antibodies), varicella
zoster virus (IgM and IgG antibodies), Epstein-Barr virus (IgM-VCA,
IgG-VCA, 1gG-EBNA antibodies), adenovirus (IgA and IgG antibod-
ies), parvovirus B19 (IgM e IgG antibodies), cytomegalovirus (IgM e
1gG antibodies), leptospirosis (IgM and IgG antibodies), salmonellosis
and brucellosis (Widal-Wright), rickettsioses (Weil-Felix), immuno-
logical screening (antinuclear, antismooth muscle, antimitochondrial,
antiliver kidney microsomal, antiendomysial, antitransglutaminase
antibodies), and metabolic screening (serum ferritin, copper, ceru-
loplasmin, and alfa-1-antitrypsin level). The patients underwent a
liver ultrasound examination in order to exclude biliary abnormality,
arterial thrombosis or Budd-Chiari syndrome. When clinically appro-
priate, a liver biopsy was performed and, in selected cases, repeated.

Liver injury was classified as hepatocellular, cholestatic, or mixed
according to R-ratio score (R = (ALT value/ALT upper normal limit)/(ALP
value/ALP upper normal limit); briefly, R ratios of >5 define a hepatocel-
lular pattern of liver injury, <2 a cholestatic pattern of liver injury and
between 2 and 5 a mixed pattern of liver injury (Chalasani et al., 2014).
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The probability of a drug-induced liver injury (DILI) was assessed
by the Roussel UCLAF Causality Assessment Method (RUCAM) that
depends on the value of R-ratio and assigns a score to factors such
as time to onset, course, risk factors, concomitant drugs, nondrug
causes of liver injury, previous information on the hepatotoxicity
of the drug and response to rechallenge; briefly, RUCAM indicate
that a drug is a possible (Berkovich, 2013; Galea et al., 2015; Lublin
et al., 2003), probable (Citterio et al., 2000; Schicke et al., 2002;
Sellebjerg et al., 2005), or highly probable (>8) cause of liver injury
(Hayashi & Fontana, 2014).

Diagnosis of autoimmune hepatitis was carried out by
Autoimmune Hepatitis Scoring System (IAHG) criteria that assign
a score to factors such as clinical features, biochemical liver tests
alterations, immunoglobulin, autoantibodies, concomitant auto-
immune disease, alternative cause of liver injury, and response to
treatment; briefly, IAHG score indicates that an autoimmune hepati-
tis is probable (Acar et al., 2012; D’Agnolo & Drenth, 2013; Lal et al.,
2016; Lienert et al., 2013; Reup et al., 2007; Topal et al., 2006) or
definite (>17) (Alvarez et al., 1999).

2.2 | Ethics statement

The local ethic committee approved the study, and all patients
signed an informed consent.

TABLE 1 Characteristics of the study
population

Age (years)
Female sex (%)
Smoking habit (%)
Duration of
disease (years)
Relapsing-
remitting course
(%)
EDSS score
prerelapse
EDSS score
postrelapse
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2.3 | Statistical analyses

Independent-samples Student’s t test and chi-squared test were
used for group comparisons, as appropriate. Mean + SD was given
for continuous measurements. Frequencies and percentiles were
given for categorical data. Binary logistic regression was used to
evaluate the risk factors associated with liver injury. Differences
were reported as statistically significant if the p-value was less than
.05. Statistical analysis was performed using SPSS version 19.0 (SPSS
Inc., Chicago, IL).

3 | RESULTS

3.1 | Study population

In this study, we included one hundred and seventy five patients
treated with pulsed methylprednisolone therapy for a clinical or neu-
roradiological relapse during 12 months of observation period. The
baseline clinical characteristics of the patients are shown in Table 1.
The majority of the patients were women (65,1%) with a mean age of
40.8 + 12.2 years; most of them (73.7%) presented a relapsing-re-
mitting form of MS with a mean duration of disease of 9.7 + 8.4 years
and a mean EDSS score of 2.8 £ 2.1; 61.7% of patients were receiv-
ing a disease-modifying drug (DMD).

Patients with liver Patients without liver

Disease-modifying treatment

Any interferon
beta (%)

Glatiramer
acetate (%)

Fingolimod (%)
Natalizumab (%)
Other (%)

None (%)

EDSS, expanded disability status scale.

All patients injury injury

(n=175) (n=20% (n=151) p-value
40.8+12.2 41.5+12.8 40.7 £12.1 NS
65.1 75 63.6 NS
14.6 0.0 16.6 .049
9.7 +8.4 6.3+74 9.8+8.4 .04
73.7 62.5 75.5 NS
28+21 2.6+2.8 29+2.2 NS
3.2+19 3.1+34 3.3+2.0 NS
33.1 29.2 33.8 NS
12.0 25.0 7.9 .017
8.0 4.2 7.9 NS
2.3 0.0 4.0 NS
6.3 0.0 6.0 NS
41.7 41.7 41.7 NS

Data presented as number of patients (%) or mean + SD.
?Four patients presented an alteration of basal alanine aminotransferase before methylprednisolone
treatment and were excluded.
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TABLE 2 Characteristics of the patients with severe liver injury after pulsed methylprednisolone therapy

Final

RUCAM
score

Concomitant

Presence of

Max ALP
(UI/L)

Max ALT
(UI/L)

Time to peak Max bilirubin

(days)

diagnosis

Rechallenge

medications Histology

autoantibodies

R-ratio

(mg/dl)

Age Sex

Case

Possible DILI

NP NP

Glatiramer
acetate

None

18

350

1.5 932

75

31

Probable autoim-

Yes NP

Ibuprofen

17 ASMA

290

105 1.3 778

24

mune hepatitis

Definite autoimmune

ANA, ASMA None Yes NP

91 22

35 1.46 1,491

19

hepatits
Probable DILI with

Yes

Yes

65 None None

290

2,956

10.8

30

35

immunoallergic
response

Probable autoim-

NP

Yes

None

None

19

117

1.87 838

90

59

mune hepatitis
Highly probable DILI

NOCITI eT AL.
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21 None None Yes Yes 10

97

929

1.5

90

24

ALT, alanine aminotrasferase; ALP, alkaline phosphatase; R, (ALT value/ALT ULN)/(ALP value/ALP ULN), R ratios of >5 define a hepatocellular, <2 a cholestatic and between 2 and 5 a mixed pattern of liver

injury; ANA, anti-nuclear antibodies; ASMA, anti-smooth muscle antibodies; RUCAM, Roussel Uclaf Causality Assessment Method indicating that a drug is a possible (3-5), probable (6-8) or highly probable

(>8) cause of liver injury; DILI, drug-induced liver injury; NP, not performed.

One hundred and twenty-three patients received a single cycle
of pulsed methylprednisolone therapy, thirty-six patients received
two cycles, ten patients received three cycles, five patients received
four cycles, and one patient received six cycles (for a total of 251
cycles of pulsed methylprednisolone therapy during the observation
period). Four patients (for a total of eight cycles of treatment) pre-
sented an alteration of basal ALT before methylprednisolone treat-
ment and, after seven of these cycles of therapy, altered ALT levels
have been retained; accordingly, we excluded these cases from fur-
ther analysis. Therefore, our study was conducted on 171 patients
and 243 cycles of pulsed methylprednisolone therapy with normal
pretreatment ALT level. Two weeks after the methylprednisolone
therapy, serum ALT elevation (any grade) was observed on twenty-
one cycles (prevalence 8.6%). In fifteen cases, ALT elevation was
mild, with mean ALT value of 65.5 +42.5 IU/L; in all cases of mild
ALT elevation, spontaneous normalization of ALT was observed in
about a month without any treatment. In six patients (prevalence
2.5%), liver injury was defined as severe according to Hy’s law. All
six cases presented normal biochemical liver tests before the pulsed
methylprednisolone therapy. These patients underwent a compre-
hensive hepatologic workup: three of them received a final diagnosis
of drug-induced liver injury (DILI) and other three a final diagnosis of
autoimmune hepatitis (Table 2).

3.2 | Drug causality assessment in individual cases

Causality assessment for every case of ALT elevation 2 weeks after
methylprednisolone therapy (without basal ALT alteration) was re-
ported as probable according to both Naranjo scale and WHO-UMC
causality assessment (Table 3).

3.3 | Clinical characteristics of patients with severe
liver injury

Patient 1 was a 31-year-old woman, treated with glatiramer acetate,
who presented an increase in the AST (49 IU/L) and ALT (110 1U/L)
values 2 weeks after the pulsed methylprednisolone therapy.
Biochemical liver tests progressively increased, but she remained
asymptomatic. Glatiramer acetate was stopped, and ademetio-
nine and ursodeoxycholic acid were administered. Hepatological
workup showed a mild steatosis at the liver ultrasound and the
presence in the serum of IgM against Citomegalovirus, stably posi-
tive on repeated monitoring but associated with the absence of
CMV-DNA by polymerase chain reaction (probably a false-positive
antibody test). In 4 months, the liver function tests returned to
normal, and a diagnosis of possible methylprednisolone-induced
liver injury was made.

Patient 2 was a 24-year-old woman, not receiving any DMD for
MS, who developed a slowly progressive increase in liver function
test after a pulsed methylprednisolone course. She was asymptom-
atic and reported occasional use of ibuprofen for dysmenorrhea.
Autoimmune screening documented a positivity for antismooth
muscle antibodies. The liver biopsy showed the presence of interface
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TABLE 3 Causality assessment criteria X
WHO-UMC causality

criteria
Certain
Probable
Possible

Unlikely
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ALT elevation

ALT elevation (n = 21) Naranjo scale (n=21)
0 (0%) Definite (29) 0 (0%)
21 (100%) Probable (5-8) 21 (100%)
0 (0%) Possible (1-4) 0 (0%)
0 (0%) Doubtful (<0) 0 (0%)

Data presented as number of patients and percentage (%).
WHO, world health organization; UMC, Uppsala monitoring centre; ALT, alanine aminotransferase.

hepatitis with centrolobular necrosis, consistent with a diagnosis of
probable autoimmune hepatitis (IAHG score 13). The patient was
treated with ursodeoxycholic acid and started a DMD with glati-
ramer acetate. Six months later, liver function tests were normal.

Patient 3 was a 19-year-old woman, not taking any DMD for MS,
who developed a progressive increase in biochemical liver tests. She
was asymptomatic. Immunological tests revealed the presence of an-
tinuclear and antismooth muscle antibodies. Gamma-globulin were
18.7% of total globulins. A liver biopsy showed a severe centrolo-
bular necrosis and histiocytes activation. Glutathione sodium salt
600 mg i.v. was administered once a week for three times, followed
by a therapy with tocopherol and ursodeoxycholic acid for 6 months.
Serum ALT levels decreased, but remained three times above the
normal values 6 months after methylprednisolone treatment. Liver
biopsy was repeated, showing interface hepatitis, centrolobular ne-
crosis, and histiocytes activation, suggestive for autoimmune hepa-
titis. The patient was treated with azathioprine and budesonide, with
a complete normalization of liver function tests 3 months later. A
diagnosis of definite autoimmune hepatitis was made (IAHG score
19). She tapered and suspended budesonide and started glatiramer
acetate in association with azathioprine.

Patient 4, a 35-year-old woman not receiving any DMD for MS,
presented a progressive increase in biochemical liver tests after
pulsed methylprednisolone therapy. She was asymptomatic. The
patient had a previous history of liver injury after pulsed steroid
therapy on 2009. Liver ultrasound was suggestive for mild steato-
sis. Autoantibodies were negative. Liver biopsy showed interface
hepatitis, submassive necrosis, severe fibrosis; a final diagnosis
was made of a probable drug-related hepatitis with immunoallergic
response.

Patient 5 was a 59-year-old woman, not receiving any DMD for
MS, who presented ALT abnormality (48 IU/L) 2 weeks after pulsed
methylprednisolone therapy, reaching a peak of 838 IU/L 3 months
later, while she remained asymptomatic. Hepatological workup was
unremarkable except for a mild steatosis on liver ultrasound. Liver
biopsy showed a severe hepatitis with necrosis and histiocytes
activation. She was treated with ademetionine. Serum ALT levels
decreased although remaining four times above the normal values
6 months after methylprednisolone treatment. Liver biopsy was then
repeated, showing mild hepatitis, fibrosis, and histiocytes activation
without plasma cells infiltration. The patient was treated with aza-
thioprine and budesonide with complete normalization of liver func-

tion test 6 months later. A final diagnosis of probable autoimmune

hepatitis was made (IAHG score 17). She tapered and suspended
budesonide and continued the azathioprine monotherapy.

Patient 6 was a 24-year-old man who presented a progressive
increase in biochemical liver tests after pulsed methylprednisolone
therapy. The patient had already a history of liver injury after pulsed
steroid therapy on 2013 (ALT peak 2,850 IU/L) and again on 2014
(ALT peak 1,947 1U/L). Hepatologic workup showed ferritin level of
1,053 ng/ml with iron saturation of 55%, but abdominal magnetic
resonance imaging showed normal liver iron content. Liver biopsy
showed centrolobular necrosis, mild hepatitis and fibrosis and histio-
cytes activation. He was treated with ademetionin and ursodeoxy-
cholic acid. Six months later, liver function was normal. A diagnosis
of highly probable drug-induced liver injury was made. The patient
started DMD with fingolimod without subsequent elevation of the

biochemical liver tests.

3.4 | Univariate analysis and binary logistic
regression analysis for factors associated with
DILI outcomes

Univariate analysis (Table 1) shows that the population of patients
with liver injury (n = 20) and the population of patients without liver
injury (n = 151) were similar for most of their clinical features, except
for the disease duration (shorter in the liver injury group), a smoking
habit (present only in patients without liver injury), and a concomi-
tant treatment with glatiramer acetate (more frequently in the liver
injury group).

To further investigate the risk factors associated with liver in-
jury, a multivariate binary logistic regression analysis was performed,
including age, sex, smoking habit, disease duration, clinical form of
MS, and disease-modifying treatment. No positive or negative as-

sociation was found between these variables and risk of liver injury.

4 | DISCUSSION

Our study showed a prevalence of 8.6% of liver injury in patients

affected by MS and treated with pulsed methylprednisolone for

clinical and neuroradiological relapses. In 2.5% of patients, the liver

injury was severe (according to Hy’s law) and attributable either to a

drug-induced liver injury or to the onset of an autoimmune hepatitis.
To the best of our knowledge, this is the first prospective obser-

vation study on methylprednisolone hepatotoxicity in a population
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of patients with MS, so it is not possible to make direct comparisons
with previous work in the literature reporting hepatotoxicity cases as
adverse event of methylprednisolone administration in MS (Hidalgo
de la Cruz et al., 2017). Eguci and coworkers described a prevalence
of 45% of ALT increase and of 4% of severe liver dysfunction in a
cohort of 175 Japanese patients treated with methylprednisolone
pulse therapy for Graves’ ophthalmopathy, but they included many
patients with chronic HBV or HCV hepatitis (Eguchi et al., 2015).

We analyzed separately the population of patients with and
without liver injury in order to find relevant risk factors for liver in-
jury. Both populations were in fact quite similar for most of the clin-
ical features, but we were not able to identify any risk or protective
factor also because of the limited number of events observed.

Methylprednisolone’s labelling information mentions tran-
sient increases in serum transaminases and hepatomegaly, but not
clinically relevant hepatotoxicity; however, the literature review
of high-dose pulsed methylprednisolone (for any therapeutic in-
dication) identified forty-seven cases of liver injury, including one
death (Carrier et al., 2013; Caster, Conforti, Viola, & Edwards, 2014;
D’Agnolo & Drenth, 2013; Das et al., 2006; Davidov et al., 2016;
Dourakis et al.,, 2002; Dumortier et al., 2017; Eguchi et al., 2015;
Ferraro etal., 2015; Furutama etal., 2011; Gerolami etal., 1997;
Grilli et al., 2015; Gutkowski et al., 2011; Hidalgo de la Cruz et al.,
2017; Hofstee et al., 2005; Loraschi et al., 2010; Maamouri et al.,
2009; Mariné et al., 2004; Melamud et al., 2014; Moleti et al., 2016;
Nanki et al., 1999; Oliveira et al., 2015; Reup et al., 2007; Rivero
Ferndndez et al.,, 2008; Salvi et al.,, 2004; Takahashi et al., 2008;
Topal et al., 2006; Weissel & Hauff, 2000).

In case of severe methylprednisolone-related liver injury, a care-
ful hepatic workup is warranted in order to accurately attribute the
responsibility of the toxic effect to the drug rather than to the an ex
novo onset of autoimmune hepatitis (Carrier et al., 2013; Maamouri
et al., 2009; Reup et al., 2007; Salvi et al., 2004; Takahashi et al.,
2008). In our cohort, three patients received a final diagnosis of
probable or definite autoimmune hepatitis (patients 2, 3, and 5)
and their baseline clinical characteristics were almost indistin-
guishable from those of patients who received a final diagnosis of
DILI.. The diagnostic challenge is made even more difficult by the
fact that there is a continuous spectrum crossing the diagnosis of
hepatoxicity with immunoallergic mechanism with autoimmune
hepatitis due to immune rebound phenomenon (De Boer et al.,,
2017). The distinction between these two pathological entities has
an important therapeutic relevance for the neurologist. In case of
methylprednisolone-induced liver injury, the neurologist has to take
this into account to set the goal of reducing the clinical disease ac-
tivity as much as possible. In fact, as the typically relapsing course
of MS carries the need to repeat pulsed methylprednisolone treat-
ment several times, in patient with high disease activity an early
treatment with a second-line DMD such as natalizumab or fingoli-
mod should be considered to more effectively reduce disease activ-
ity. The use of alemtuzumab in these patients may be limited by the
need to coadminister methylprednisolone during the infusion cycle.
In case of severe relapse, a rescue therapy with plasma exchange

should be considered in patients with methylprednisolone-induced
liver injury.

In case of autoimmune hepatitis, instead, a concomitant treat-
ment with azathioprine represents an important therapeutic lim-
itation to the use of all second-line DMD. In addition, interferon
beta is contraindicated in autoimmune hepatitis because of the
possible worsening of liver disease activity. Treatment with glati-
ramer acetate is an option. There are no available safety data on
the association of azathioprine with dimethyl-fumarate, neither
on the use of teriflunomide in autoimmune hepatitis instead of
azathioprine.

Our data highlight the importance of a close follow-up of the
liver function tests following pulsed methylprednisolone treatment.
According to our experience, we suggest to test transaminases
2 weeks after pulsed methylprednisolone treatment in all patients,
and particularly, before the beginning of a new DMD therapy, in
order to avoid a misdiagnosis of DMD-induced liver injury. In case
of abnormality, the start of the DMD therapy should be postponed
and biochemical liver tests have to be repeated until normalization,
while it is advisable to refer the patient to a hepatologist in case of
bilirubin elevation.

In conclusion, our study confirms that liver injury after pulsed
methylprednisolone therapy in patients with MS is not infrequent.
A complete baseline assessment of the liver function and a close
monitoring after each cycle of high-doses methylprednisolone is rec-
ommended. In our experience, 2 weeks later seems to be the right

interval for such monitoring.
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