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Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system and the association with

other autoimmune diseases is well-documented. There are many therapeutic options for the treatment of MS. Most

of the available drugs cause drug-induced liver injury (DILI) to variable extents with heterogeneous clinical and

biological manifestations, including liver injury with or without signs of hypersensitivity and autoimmunity. The

different disease-modifying therapies (DMTs) and immunomodulating treatments used in the management of MS

include interferon beta (IFN-β), glatiramer acetate (GA), natalizumab, fingolimod, mitoxantrone, teriflunomide,

dimethyl fumarate, alemtuzumab, daclizumab, and ocrelizumab. These drugs are largely available in the USA and

Europe, but with some differences in indications.

multiple sclerosis  liver injury  drug-induced liver injury

1. Interferon Beta (IFN-β)

IFN-β is a cytokine and belongs to a group of naturally occurring proteins which interact with cell surface receptors

to produce immunomodulatory effects. There are two types of IFN-β used in the treatment of MS, IFN-β 1a and

IFN-β 1b, which are manufactured under five market forms and administered subcutaneously at different dosages

with various periodicities:

Recombinant IFN-β 1b is found under three market forms: Betaseron, Betaferon, and Extavia. Recombinant

IFN-β 1b is administered subcutaneously every day at the dose of 250 μg. Extavia is also approved for weekly

administration.

Rebif is a recombinant IFN-β 1a that is administered subcutaneously at different doses: 8.8 μg, 22 μg, or 44 μg

thrice weekly.

Plegridy is a recombinant peginterferon-β1 that is administered subcutaneously at the doses of 63 μg, 94 μg, or

125 μg every two weeks.

IFN-β is frequently used to prevent relapse of MS. All forms of IFN-β are well known to cause mild liver injury that

can occasionally lead to severe liver injury with jaundice. Post-marketing studies suggest that 30–60% of MS

patients exposed to an IFN-β have elevations in liver function tests, justifying monitoring of liver function tests

during IFN- β treatment. Although fulminant liver failure requiring liver transplantation has been reported in MS
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patients, only around 1–2% of IFN-β-exposed MS patients experience severe elevations of liver function tests 

. The usual delay for elevations in liver function tests is 2–12 months after starting therapy. The clinical pattern is

usually hepatocellular. Fever, rash, and eosinophilia are not common. Autoimmune features are somewhat

common, but may relate more to the underlying MS rather than DILI. Most reported cases have occurred in

females . The mechanisms of IFN-β hepatotoxicity are only partially documented  with the

asymptomatic elevations in transaminases reported as potentially dose dependent. The cases with acute jaundice

occasionally associated with autoimmune features may represent the triggering of an underlying autoimmune

mechanism .

2. Methylprednisolone Pulse Therapy

Intravenous (IV) corticosteroid therapy with methylprednisolone (MPDN) is indicated for the treatment of relapse of

MS. A recent study by Kimura H et al. investigated the development of liver injury after MPDN pulse therapy. From

2005 to 2016, eight patients (/120, 6.7%) with MS developed liver injury after MPDN pulse therapy. Liver injury

usually develops beyond two weeks after MPDN treatment. The clinical profile evoked idiosyncratic acute

hepatocellular liver injury; in one case, pathological findings AIH . Assessment of the French pharmacovigilance

database allowed the collection of 97 cases of liver injury associated with MPDN from 1985 to 2016 . The

prevalence of female sex was 58.8% with a median age of 46 years. MS was the indication for MPDN pulse

therapy for 26 cases. MPDN had been administered intravenously in 79.4% of cases. The pattern was

predominantly mild/moderate hepatocellular liver injury followed by recovery. A positive rechallenge was observed

in 10/13 patients re-exposed to IV administration . Among the cases collected in a Spanish registry, three female

cases were reported with acute hepatocellular liver injury at 2–6 weeks after the IV exposure. Rechallenge was

positive in two cases . The frequency of liver injury induced by IV MPDN has been addressed by Nociti et al. .

They performed a prospective observational study on the risk of liver injury in patients with MS treated with IV

MPDN (1000 mg/day for 5 days). The authors collected liver data on a total of 251 cycles of treatment for 175

patients over one year. An increase in transaminases above the ULN (>45 U/L) was observed among 8.6% of

patients. The liver injury was significant in 2.5% of the patients, meeting Hy’s law criteria. An extensive diagnostic

work-up led to the identification of DILI in three cases and AIH in three other cases. More recently, another

prospective study investigating potentially hepatotoxic drugs revealed 13 cases with various neurologic

autoimmune diseases occurring with a median latency of 5 weeks after MPDN pulse therapy. Liver injury

developed after repeated pulses and was typically hepatocellular with marked severity, leading to liver

transplantation in six cases. Histological features showed interface hepatitis and portal fibrosis with mixed

inflammatory cells; features suggestive of AIH. Liver injury rapidly responded to prednisone administration .

The detailed mechanisms of liver injury caused by MPDN pulse therapy have not been studied. The cases

collected in the studies described above show heterogeneity in the clinical and histological findings, sometimes

arguing for an idiosyncratic drug reaction, or conversely autoimmune liver injury in some cases. Several

hypotheses are proposed as Davidov et al. who propose a direct hepatotoxicity , whereas Caçao et al. attribute

the development of AIH to MPDN-induced liver injury . In addition, the role of excipients associated with

[1][2]

[3]

[1][2][3] [1][2][3]

[1][2][3]

[4]

[5]

[5]

[6] [7]

[8]

[9]

[10]



Multiple Sclerosis Therapies and Drug-Induced Liver Injury | Encyclopedia.pub

https://encyclopedia.pub/entry/40382 3/11

corticosteroids, such as saccharin, can also be evoked as previously described . Indeed, whereas MPDN

pulse therapy can cause acute liver injury, it is also well-known that oral corticosteroid therapy is currently used to

treat liver injuries with autoimmune and allergic components . Importantly, liver injury rapidly improved

following oral prednisone administration in a German series of cases of DILI associated with MPDN pulse therapy

.

3. Glatiramer Acetate (GA)

GA is a drug made of synthetic polypeptides mimicking myelin proteins. GA acts through an immunomodulating

activity of converting pro-inflammatory Th1 cells into regulatory Th2 cells. Thereby, GA decreases inflammation,

which leads to a reduced risk of relapse of MS .

GA induces the release of cytokines, like IL-4, IL-6, and IL-10, and also enhances the production of autoantibodies.

Therefore, one may speculate that GA induces autoimmune side effects. At large, randomized controlled trials of

GA in patients with MS, serum ALT elevations were >3× ULN in 7% of GA-treated patients compared to 3% of

placebo recipients . It is noteworthy that over a dozen cases of clinically apparent liver injury with jaundice

have been reported since the approval and the more widespread use of GA 

.

This low number of DILI cases may indeed explain the absence of a GA-associated risk of DILI in the Antonazzo et

al. pharmacovigilance study . The clinical characteristics of the reported cases of GA-associated liver injury are

presented in Table 1. Interestingly, six patients that had previously been treated with interferon switched to GA due

to abnormal liver assessments, potentially suggesting a predisposition to an autoimmune reaction . The

majority of cases involved females with a mean age of 35 years. The delay in symptom onset varied from 7 days to

8 months, and mostly within 1–3 months after starting therapy. The typical presentation was a hepatocellular

pattern with serum liver enzyme elevations . There are arguments in

some patients for an autoimmune hepatotoxicity: presence of autoantibodies (including anti-nuclear (A-NA) and

anti-smooth muscle (A-SMA) antibodies), liver biopsy showing characteristic histopathological lesions, response to

corticosteroid therapy .

Table 1. Cases of glatiramer acetete (GA)-associated liver injury.
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Case Sex Age
(Years)

Profile
(Hep:

Hepatocellular;
Cho:

Cholestatic)

Antibodies Liver Biopsy

Previous
Treatment

before
GA

Recovery
(Days)

Treatment for
Recovery

Deltenre et al.
(2009) 

F 52 Hep

ANA:
1/320

ASMA:
1/80

Centrilobular
damage

Lymphocyte
Macrophage
Eosinophil

MPDN 90 No[17]
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Case Sex Age
(Years)

Profile
(Hep:

Hepatocellular;
Cho:

Cholestatic)

Antibodies Liver Biopsy

Previous
Treatment

before
GA

Recovery
(Days)

Treatment for
Recovery

Onmez et al.
(2013) F 36 Hep Negative

Polymorphonuclear-
rich mixed-type

inflammatory cell
reaction

GA +
MPDN

36 No

Neuman et al.
(2007) H 71 Hep

ANA:
1/1280

Drug-induced liver-
injury without

fibrotic
changes of the liver

IFN
(switch
due to

elevation
in liver

function
test)

30

Budesonide
and

mycophenolate
mofetil

Antezan et al.
(2014) F 28 Hep Negative

Hepatocellular
necrosis, portal

bridging, and portal
lymphocytic
inflammation

  30 No

Subramaniam
et al.

(2012) 
F 31 Hep

ASMA:
1/320

Centrilobular
hepatocyte necrosis
with portal-venous
bridging, along with

mild portal and
interface hepatitis

     

Flaire et al.
(2015) F 56 Hep Negative

Centrilobular
hepatocyte necrosis

with inflammatory
infiltrates composed
of lymphocytes and

eosinophils

MPDN 45 No

La Gioia et al.
(2014) F 25 Hep Negative

Inflammatory
infiltration:

lymphocytes,
histiocytes, plasma

cells, and a few
eosinophil

granulocytes

  56  

Makhani et al.
(2013) 

F 15 Hep Negative Lymphocytic
inflammatory

infiltration with mild
portal fibrosis, no
plasma cells, and

IFN
(switch
due to

elevation
in liver

54 No
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The cases positive for autoantibodies (ANA, ASMA) were not associated with hyperglobulinemia or histologic

features of AIH . After the withdrawal of GA, clinical recovery occurred

within 12 weeks . However, spontaneous autoimmune liver injury occurred in

some patients despite the discontinuation of GA . The mechanism of GA

hepatotoxicity remains largely unknown but highlights so far a potential predisposition to autoimmune liver injury.

The pattern of GA polypeptide metabolism is more consistent with an autoimmune reaction than a direct

hepatotoxicity .

4. Dimethyl Fumarate (DMF)

DMF is indicated for the substantive treatment of recurrent relapsing forms of MS. DMF reduces inflammation and

modulates the activity of the immune system. In an FDA study from 2016, 14 post-marketing cases of clinically-

significant DMF-induced liver injury were reported. The liver injury severity was classified as moderate or

moderate–severe for eight cases and mild for six. Ten patients required hospitalization but there were no cases

leading to liver transplantation or death. Possible mechanisms for DILI associated with DMF include

hypersensitivity, AIH, or infection .

5. Teriflunomide

Case Sex Age
(Years)

Profile
(Hep:

Hepatocellular;
Cho:

Cholestatic)

Antibodies Liver Biopsy

Previous
Treatment

before
GA

Recovery
(Days)

Treatment for
Recovery

no signs of chronic
liver disease

function
test)

Fernandez et
al.

(2015)
F 42 Hep

ANA:
1/640

No biopsy

IFN
(switch
due to

elevation
in liver

function
test)

30  

Sinagra et al.
(2013) F 41 Hep

ANA:
1/320

Moderate interface
hepatitis with
eosinophilic

infiltration and
porto-portal fibrosis

IFN
(switch
due to

elevation
in liver

function
test)

30  

Sinagra et al.
(2013) F 29 Hep

ANA:
1/160

Lymphoplasmacytic
infiltration with

porto-portal fibrosis
and slight ductal

proliferation

IFN
(switch
due to

elevation
in liver

function
test)

 
CTC +

azathioprine

Almeida et al.
(2016) F 65 Hep

ANA:
1/40

ASMA:
1/40

No biopsy MPDN 147  

Arruti et al.
(2012) 

F 46 Hep Negative No biopsy     CTC

Von
Kalckreuth et

al.
(2008) 

F 42 Cho
ANA and

ASMA
positive

Severe portal and
periportal

lymphocytic
inflammation with

necrosis

IFN
(switch
due to

elevation
in liver

function
test)

 
CTC +

azathioprine

Michels F et
al.

(2020) 
F 23 Hep Negative

Hepatocyte
necrosis CD38-

positive
lymphocytes

    CTC

[26]

[26]

[27]

[28]

[29]

[30]

[16][17][18][19][20][21][22][23][24][25][26][27][28][29][30]

[5][6][7][8][9][10][11][12][13][14][16][17][18][19][20]

[5][6][7][8][9][10][11][12][13][14][16][17][18][19][20]

[5][6][7][8][9][10][11][12][13][14][16][17][18][19][20]

[32][33][34]



Multiple Sclerosis Therapies and Drug-Induced Liver Injury | Encyclopedia.pub

https://encyclopedia.pub/entry/40382 6/11

ANA: anti-nuclear antibodies; CTC: corticosteroids; IFN: Interferon; MPDN: Methylprednisolone; ASMA: anti-

smooth muscle antibodies.

Teriflunomide is an immunomodulatory drug indicated in the prevention of relapse of MS. Teriflunomide is the

active metabolite of leflunomide, used to treat rheumatoid poly arthritis, which has shown to cause liver injury with

immunoallergic features. Indeed, the effect of teriflunomide on the liver has been carefully evaluated . The oral

administration of teriflunomide is frequently associated with an asymptomatic increase in transaminases among

13–15% of patients included in clinical trials. An asymptomatic increase in ALT levels >3× ULN occurred in 6% of

teriflunomide-treated patients compared to in 4% of patients receiving placebo . Elevation in

transaminases was within the first 6 months of administration. Recovery rapidly followed after withdrawal of

teriflunomide, and even among half of the patients with continued administration suggesting an adaptation of the

liver to this drug . Very rare cases of symptomatic hepatitis without liver failure have been reported 

. The mechanism of elevation in transaminases is unknown. There is no sign of allergic or autoimmune reaction

.

6. Alemtuzumab

Alemtuzumab is a recombinant humanized monoclonal antibody against CD52, which is present on B and T cells,

monocytes, and natural killer cells. Binding to CD52 produces a depletion of B and T cells. The subsequent cell

repopulation is made of B and T cells with a different pattern and a modification in cytokine production towards a

less inflammatory profile. Alemtuzumab is indicated in relapsing and remitting MS. Infusion of alemtuzumab is

frequently followed by a mild and transient increase of transaminases. A case of liver failure has been observed

after several episodes of liver injury with signs of autoimmunity following rechallenge . Alemtuzumab can cause

autoimmune diseases. This is likely due to a more rapid CD19+ B cell repopulation in the absence of T cell

regulatory mechanisms. An example is Graves’ disease, which develops in approximately 30% of patients up to 3

years after the onset of alemtuzumab treatment . Alemtuzumab can also cause reactivation of hepatitis B virus

infection, not only in HBsAg carriers, but also in patients with isolated anti-HBc antibodies with severe liver injury.

The reactivation of hepatitis C virus (HCV) has also been observed . In a patient with positive HCV serology, the

distinction between HCV reactivation and DILI is provided by the detection of serum HCV RNA by polymerase

chain reaction (PCR) and evaluation of alemtuzumab causality. Assessment of the latter is by using the DILIN

expert method or the RUCAM.

7. Natalizumab

Natalizumab is a humanized neutralizing IgG4k antibody against α-4 integrin that blocks the migration of

leukocytes into the brain. Natalizumab exhibits a potent immunosuppressive activity and is an approved therapy in

patients with active relapsing and remitting MS. In phase III studies, the asymptomatic increase of transaminases

was similar in the natalizumab-treated patients to the placebo group (5% vs. 3%) . Since marketing of

natalizumab, a few cases of liver injury have been reported over a period of more than 10 years . In

a small series of six cases, liver injury occurred with a very variable delay in onset; after the first administration of

natalizumab or much later. Liver injury was associated with the presence of autoantibodies in three patients.

Corticosteroid therapy was associated with recovery .
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8. Ocrelizumab

Ocrelizumab is a fully humanized monoclonal IgG1 antibody against CD20. Ocrelizumab allows the depletion of

pre-B cells, mature B cells, and memory B cells, without the modification of plasma cells or lymphoid stem cells,

leading to a reduction in immunogenicity. Ocrelizumab is indicated for the treatment of adult patients with active

relapsing forms of MS. Mild-to-moderate serum aminotransferase elevations were reported among 1–2% of

patients under ocrelizumab therapy. Similar to rituximab, ocrelizumab may cause HBV or echovirus reactivation 

. In case of acute liver injury, reactivation of HBV may be distinguished from DILI by the detection of HBV

DNA in serum in addition to the evaluation of ocrelizumab causality; the latter performed by using the DILIN expert

method or the RUCAM.

9. Cladribine

Cladribine is a synthetic analog of adenosine which induces apoptosis by inhibiting DNA synthesis and repair.

Apoptosis is mainly induced in lymphocytes as they are dependent on adenosine deaminase activity, thus

decreasing lymphocyte count. In phase III clinical trials, liver enzyme abnormalities were not common and elevated

transaminases >5x ULN occurred in less than 2% of patients. The post-marketing experience of cladribine use

does not reveal a high risk of hepatotoxicity. However, very rare cases of HBV reactivation have been recorded 

.
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