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Abstract: Background. Cladribine belongs to the group of disease-modifying therapies (DMTs) used
to treat multiple sclerosis (MS). According to the highlights of a meeting held by the Pharmacovigi-
lance Risk Assessment Committee (PRAC) on 14 January 2022, cladribine may be associated with
the occurrence of liver injury, and thus liver function monitoring is recommended. Objectives and
methods. Using data from the European spontaneous reporting database (EudraVigilance-EV), we
aimed to describe the main characteristics of Individual Case Safety Reports (ICSRs) reporting cases
of hepatobiliary disorders related to cladribine. The reporting odds ratio (ROR) was calculated to pro-
vide the probability of reporting hepatobiliary ICSRs among DMTs used to treat MS. Results. Overall,
118 ICSRs described the occurrence of cladribine-induced hepatobiliary ADRs. The majority of the
ICSRs reported ADRs that were classified as serious (93%), and the outcome was mostly reported
as “unknown” (50.8%). The most reported hepatobiliary disorders were drug-induced liver injury,
abnormal hepatic function, ALT increases, liver disorders, hepatic failure, jaundice, lymphocyte count
decreases, hepatotoxicity and hypertransaminasemia. The majority of cladribine-induced hepatic
ADRs occurred in female patients belonging to the age group of 18–65 years. Conclusion. Considering
the seriousness of cladribine-induced hepatic ADRs, a close monitoring of patients receiving this drug
is highly recommended. In this context, further pharmacovigilance studies evaluating the hepatic
safety profile of cladribine are strongly needed.

Keywords: adverse drug reactions; cladribine; EudraVigilance; hepatic safety; multiple sclerosis

1. Introduction

Multiple sclerosis (MS) is the most widespread autoimmune disease of the central
nervous system (CNS) and affects almost 2 million people globally. MS is an inflammatory
neurodegenerative disease and has been demonstrated to be significantly influenced by
genetic and environmental factors, obesity, vitamin D levels, Epstein-Barr viral infections
and smoking [1,2].

Among the disease-modifying therapies (DMTs) authorized for the treatment of MS,
cladribine was approved in 2017 [3]. The drug is approved for the treatment of relaps-
ing multiple sclerosis (RMS), secondary progressive MS (SPMS) and relapsing–remitting
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multiple sclerosis (RRMS) in adult patients [4,5]. Cladribine is an anti-pyrimidine and
anti-metabolite agent [6] that is biologically active in selected cell types. The drug is
able to sustain and target the reduction in circulating B and T lymphocytes, which in MS
activates a cascade of inflammatory cytokines and antibodies directed against various
CNS components [6,7]. Thus, cladribine reduces these immune responses by targeting
active immunity.

According to data from the 96-week phase III trial CLARITY [8], 90% of the patients
treated with cladribine completed treatment, with rare discontinuations as a result of
adverse events (AEs). Similar findings were observed in the CLARITY extension trial, in
which lymphopenia (mainly mild or moderate) was the most commonly reported AE and
reason for treatment discontinuation [9]. The results of a post-hoc analysis of CLARITY
and ORACLE revealed that the most common AEs reported with cladribine tablets were
headache, lymphopenia and nausea [10].

On 14 January 2022, the European Medicines Agency (EMA) published on its website
the meeting highlights from the Pharmacovigilance Risk Assessment Committee (PRAC)
from 10 to 13 January 2022 [11]. The EMA aimed to inform healthcare professionals about
the AEs of liver injury with cladribine therapy and provided new recommendations for
liver function monitoring.

Considering the clinical significance of cladribine-related liver injury, the present
study aimed to evaluate the occurrence of these events during treatment with cladribine by
describing data from Individual Case Safety Reports (ICSRs) retrieved from the European
spontaneous reporting system (EudraVigilance-EV). We also aimed to estimate the reporting
probability of hepatobiliary disorders among the DMTs used to treat MS.

2. Results

As of May 2023, 4181 ICSRs reporting cladribine as a suspected drug had been received
by the EV database. As shown in Table 1, 118 ICSRs, covering 562 PTs, reported ADRs
belonging to “hepatobiliary disorders” according to the Medical Dictionary for Regula-
tory Activities (MedDRA®) System Organ Classes (SOCs). The majority of patients who
experienced hepatobiliary ADRs belonged to the age group of 18–64 years (68.6%), and
a higher proportion of them were female (61.0%). ICSRs were mainly reported by HCPs,
while no substantial difference was found in terms of the primary source country for regu-
latory purposes. Apart from eight ICSRs in which the seriousness degree was not defined,
the remaining one hundred and ten ICSRs described hepatic ADRs that were classified
as serious (mainly as “Other Medically Important Condition” and “Caused/prolonged
hospitalization”). Regarding outcomes, 60 ICSRs did not report any information, while
16 ICSRs reported a fatal outcome (Table 2).

The majority of the ICSRs reported cladribine as the only suspected drug (n = 70). The
most reported suspected drugs other than cladribine were cytarabine (nine cases), followed
by cyclophosphamide (six cases), rituximab (six cases), methylprednisolone (five cases),
mitoxantrone (five cases) and prednisolone (three cases). Lastly, concomitant medications
were reported in 56 ICSRs (Table 1).

As reported in Table 3, the following PTs were reported in more than 10 ICSRs: “Drug-
induced liver injury”, “Hyperbilirubinaemia”, “Pyrexia”, “Hepatic function abnormal”,
“Pancytopenia”, “Alanine aminotransferase increased” and “Liver disorder”.

As reported in Table 4, cladribine had a higher reporting probability of ICSRs with
ADRs belonging to “Hepatobiliary disorders” according to SOCs compared with glati-
ramer acetate, natalizumab, ofatumumab, peginterferon beta 1a, ocrelizumab, dymethil
fumarate and dyroximel fumarate (with RORs equal to 2.06 (1.66–2.55), 1.46 (1.20–1.79),
2.22 (1.47–3.34), 1.56 (1.20–2.03), 2.66 (2.03–3.48), 1.61 (1.31–1.97) and 2.29 (2.26–4.17), re-
spectively, all of which are statistically significant).
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Table 1. Demographic and clinical characteristics of ICSRs reporting ADRs related to “hepatobiliary
disorders” according to SOCs with cladribine as suspected drug and retrieved from the EudraVigi-
lance databases from January 2017 to May 2023.

Variable Level All ICSRs
N = 118 (100%)

Age

2 months–2 years 4 (3.4)

3–11 years 2 (1.7)

18–64 years 81 (68.6)

65–85 14 (11.9)

Not specified 17 (14.4)

Sex

Female 72 (61.0)

Male 42 (35.6)

Not specified 4 (3.4)

Primary source qualification
Healthcare professional 114 (96.6)

Non-healthcare professional 4 (3.4)

Primary source country for
regulatory purposes

European Economic Area 62 (53.0)

Non-European Economic Area 56 (47.0)

Seriousness degree

Caused/prolonged hospitalization 37 (31.4)

Life-threatening 8 (6.8)

Other Medically Important Condition * 50 (42.3)

Results in death 15 (12.7)

Unknown 8 (6.8)

Outcome Unknown 60 (50.8)

Recovering/Resolving 14 (11.9)

Recovered/Resolved 15 (12.7)

Not recovered/Not resolved 12 (10.2)

Not specified 1(0.9)

Fatal 16 (13.5)

Suspected drug other than cladribine

0 70 (59.3)

1 21 (17.8)

2 6 (5.1)

3 7 (5.9)

4 4 (3.4)

≥5 10 (8.5)

Concomitant drugs

1 18 (15.3)

2 5 (4.2)

3 8 (6.8)

4 4 (3.4)

≥5 21 (17.8)

Not reported 62 (52.5)

* One of these ICSRs reported ADRs with a fatal outcome.
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Table 2. ICSRs with cladribine as suspected drug and cases with a fatal outcome.

Case No. Age Group Sex PT Suspect Drug(s) Other than
Cladribine Concomitant Medication

1 65–85 Years F

Acute kidney injury, acute respiratory failure, alcoholic
liver disease, drug-induced liver injury, hepatic

encephalopathy, lactic acidosis, lymphocyte count
decreased, rash, tuberculosis

Isoniazid

Fampridine, alendronic acid, estradiol, glyceryl
trinitrate, metoprolol succinate, metoprolol tartrate,

naproxen, omeprazole, simvastatin, tizanidine,
valaciclovir

2 3–11 Years F
Acute graft versus host disease, cholestasis, diarrhoea,
lymphopenia, multiple organ dysfunction syndrome,

off-label use, pyrexia, rash
- Ciclosporin

3 18–64 Years M
Febrile neutropenia, generalized oedema, liver injury,
non-cirrhotic portal hypertension, renal injury, varices

oesophageal
- -

4 18–64 Years M

Aspergillus infection, chest pain, ineffective drug,
dyspnoea, erythropoiesis abnormal, hairy cell

leukaemia, hepatomegaly, leukopenia, lymphocytosis,
neutropenia, pulmonary thrombosis, pyrexia,

respiratory failure, respiratory tract infection (fungal),
splenic infarction, splenic infection (fungal),

splenomegaly

Filgrastim, rituximab,
amphotericin b Vemurafenib

5 18–64 Years F Hepatic failure, hepatitis fulminant Rituximab

Lamivudine, diclofenac, famotidine/omeprazole,
glutathione, glyceryl phosphate, mequitazine,

prednisolone, sulfamethoxazole/trimethoprim,
ursodeoxycholic acid

6 18–64 Years M Febrile neutropenia, hepatic failure, hyponatraemia,
pulmonary embolism

Alemtuzumab,
cyclophosphamide,

doxorubicin, etoposide,
pentostatin, prednisone,

vincristine

-

7 3–11 Years M

Acute myeloid leukaemia, aspergillus infection, disease
progression, febrile neutropenia, systemic mycosis,
incomplete therapeutic product effect, toxicity to

various agents, venoocclusive liver disease

Topotecan Filgrastim

8 65–85 Years F Cerebral infarction, herpes zoster, hyperbilirubinemia,
myelosuppression, pancytopenia, sepsis - Diltiazem hydrochloride, metoprolol tartrate
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Table 2. Cont.

Case No. Age Group Sex PT Suspect Drug(s) Other than
Cladribine Concomitant Medication

9 18–64 Years F Cardiac failure congestive, hepatotoxicity, multiple
organ dysfunction syndrome, neurotoxicity, sepsis

Anti-T-lymphocyte
immunoglobulin for human

use/rabbit, busulfan
-

10 18–64 Years F State of confusion, graft versus host disease,
hepatitis, pancytopenia, pyrexia, rash - 2-aminopyridine

11 65–85 Years M Infection, liver disorder, mantle cell lymphoma
refractory, nephropathy, pancytopenia

Rituximab,
cyclophosphamide,

doxorubicin, vincristine
sulfate

Cytarabine, filgrastim, methotrexate, cefepime
hydrochloride, famotidine, pazufloxacin mesilate,

platelet concentrate, prednisolone sodium succinate,
red blood cells, vancomycin

12 65–85 Years F Hepatic failure, oedema, renal failure, T-cell chronic
lymphocytic leukaemia - -

13 18–64 Years M
Deep vein thrombosis, enteritis, graft versus host
disease, hepatic failure, myelosuppression, renal

disorder, renal failure, septic shock
Ciclosporin, busulfan

Filgrastim, aciclovir, cefoperazone sodium/sulbactam
sodium, ciprofloxacin hydrochloride, fluconazole,

platelet concentrate, red blood cells,
sulfamethoxazole/trimethoprim

14 18–64 Years F

Abdominal pain (upper), alanine aminotransferase
increases, aspartate aminotransferase increases, blood
lactate dehydrogenase increases, chills, hepatic necrosis,

herpes simplex, lymphocytosis, neutropenia

- -

15 18–64 Years M

Adenovirus infection, anaemia, blood albumin
decreased, blood urea increased, liver injury, neutrophil
count decreases, platelet count decreases, protein total

decreases, ureteric stenosis, white blood cell count
decreases

Rituximab,
cyclophosphamide Filgrastim, prednisone

16 18–64 Years M

Depressed level of consciousness, fatigue, hepatitis
fulminant, hyperbilirubinemia, hypertransaminasemia,

lymphopenia, malaise, mucormycosis, paralysis,
systemic mycosis

-

Chemotherapy (not specified), levofloxacin,
amoxicillin/clavulanic acid, amphotericin b

deoxycholate, azithromycin, cefotaxime, ciprofloxacin,
piperacillin
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Table 3. Distribution of ICSRs having cladribine as suspected drug by preferred terms (hepatobiliary
disorders and non-hepatobiliary disorders).

List of PTs N (%)

Drug-induced liver injury 14 (2.5)

Hyperbilirubinemia 13 (2.3)

Pyrexia 13 (2.3)

Hepatic function abnormal 12 (2.1)

Pancytopenia 12 (2.1)

Alanine aminotransferase increased 11 (2.0)

Liver disorder 11 (2.0)

Hepatic failure 9 (1.6)

Jaundice 9 (1.6)

Lymphocyte count decreased 9 (1.6)

Hepatotoxicity 8 (1.4)

Hypertransaminasemia 8 (1.4)

Neutropenia 8 (1.4)

Rash 8 (1.4)

Aspartate aminotransferase increased 7 (1.2)

Gamma-glutamyltransferase increased 7 (1.2)

Hepatic steatosis 6 (1.1)

Hepatitis 6 (1.1)

Hepatomegaly 6 (1.1)

Lymphopenia 6 (1.1)

Myelosuppression 6 (1.1)

Protein total decreased 6 (1.1)

Renal failure 6 (1.1)

White blood cell count decreased 6 (1.1)

Cholelithiasis 5 (0.9)

Cholestasis 5 (0.9)

C-reactive protein increased 5 (0.9)

Dyspnoea 5 (0.9)

Fatigue 5 (0.9)

Febrile neutropenia 5 (0.9)

Liver injury 5 (0.9)

Platelet count decreased 5 (0.9)

Anaemia 4 (0.7)

Decreased appetite 4 (0.7)

Infection 4 (0.7)

Multiple sclerosis relapse 4 (0.7)

Nausea 4 (0.7)

Off-label use 4 (0.7)

Thrombocytopenia 4 (0.7)
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Table 3. Cont.

List of PTs N (%)

Transaminases increased 4 (0.7)

Blood alkaline phosphatase increased 3 (0.5)

Blood bilirubin increased 3 (0.5)

Blood lactate dehydrogenase increased 3 (0.5)

Diarrhoea 3 (0.5)

Hepatitis toxic 3 (0.5)

Hypersplenism 3 (0.5)

Hypertension 3 (0.5)

Hypotension 3 (0.5)

Hypothyroidism 3 (0.5)

Product use in unapproved indication 3 (0.5)

Renal impairment 3 (0.5)

Splenomegaly 3 (0.5)

Other PTs 247 (44.0)

Total PTs 562 (100.0)

Table 4. Reporting odds ratio of ICSRs with ADRs belonging to the SOCs’ ‘Hepatobiliary disorders’
for the comparison of cladribine vs. DMTs.

DMT under Evaluation Other DMTs ROR p-Value

cladribine interferon beta 1a 0.95 (0.78−1.15) 0.62

cladribine interferon beta 1b 0.94 (0.76−1.16) 0.58

cladribine glatiramer acetate 2.06 (1.66−2.55) <0.001

cladribine natalizumab 1.46 (1.20−1.79) <0.001

cladribine alemtuzumab 1.08 (0.87−1.34) 0.46

cladribine teriflunomide 1.12 (0.91−1.37) 0.26

cladribine ofatumumab 2.22 (1.47−3.34) <0.001

cladribine peginterferon beta
1a 1.56 (1.20−2.03) <0.001

cladribine fingolimod 1.01 (0.82−1.22) 0.93

cladribine siponimod 0.99 (0.70−1.41) 0.99

cladribine ozanimod 1.82 (1.00−3.30) 0.045

cladribine ocrelizumab 2.66 (2.03−3.48) <0.001

cladribine dymethil fumarate 1.61 (1.31−1.97) <0.001

cladribine dyroximel fumarate 2.29 (2.26−4.17) <0.05

3. Discussion

Using data from the EV database, we analysed the safety profile of cladribine in terms
of hepatobiliary ADRs. Our choice to evaluate this specific concern was based on a recent
statement released by the EMA in which the agency highlighted the risk of hepatobiliary
adverse events associated with this drug. In addition, considering that drug-induced
hepatic toxicities can range from asymptomatic mild elevation in hepatic enzymes to liver
failure and death, the monitoring of DILI is essential during treatment with hepatotoxic
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drugs, and consequently the assessment of the risk of DILI in newly authorized drugs
should represent a priority for worldwide pharmacovigilance systems.

We found 118 ICSRs describing cases of hepatobiliary disorders associated with
cladribine. Hepatic ADRs mainly occurred in female patients and patients belonging
to the age group of 18–65 years. Both of these datasets are expected if we consider that
cladribine is used to treat MS, which is more common in women and adults in general [12]
(the prevalence ratio of MS in women to men is 2.3–3.5:1). In addition, women tend to
experience all types of ADRs more commonly than men, due to hormonal and biological
factors [13–15].

The hepatic ADRs were mainly classified as serious, including 16 ICSRs that reported
fatal cases. In line with our data, some case reports described the occurrence of serious
and fatal hepatic ADRs during treatment with a DMT. For instance, a case series described
the occurrence of severe hepatitis in two patients, a 41-year-old woman and a 29-year-old
woman, who were receiving glatiramer acetate [16]. Another case report described the
occurrence of a fatal hepatitis in a 44-year-old woman with MS who was receiving IFN-beta-
1a treatment and was admitted to a local hospital for severe icterus and liver injury [17].
Lastly, other studies have reported the occurrence of fulminant hepatitis during treatment
with ocrelizumab and IFN-β plus steroids in MS patients, mainly women [18,19].

The higher rate of ICSRs reported by HCPs matches with that of the results from other
studies that have analysed ICSRs from national spontaneous reporting systems or from the
EV [20–26].

We found that the most common reported PTs were “Drug-induced liver injury”
(DILI), “Hyperbilirubinaemia”, “Hepatic function abnormal”, “Alanine aminotransferase
increased”, “Liver disorder” and “Hepatic failure”. DILI can be a serious predictable or
unpredictable consequence of many pharmacological treatments. Its occurrence depends
on the genetic and environmental risk factors that are responsible for the modification of
hepatic metabolism and the excretion of drugs, which in turn lead to cellular stress, cell
death and the activation of an adaptive immune response that progresses to liver injury.
Although rare, idiosyncratic DILI can be extremely serious and, in some cases, fatal [27,28].
Based on its features, DILI is constantly receiving attention from pharmaceutical companies,
regulators, researchers and clinicians. Indeed, it commonly represents the most frequent
cause for stopping drug development or restricting indications after marketing authoriza-
tion [29]. Literature data have revealed a case report describing the occurrence of DILI in a
patient receiving cladribine [30]. The case report concerned a 19-year-old female patient
with a history of fatty liver but normal liver function tests who had received high-dose
corticosteroids and cladribine. The patient received treatment with 70 mg cladribine in
week 1; however, after 12 days she developed emesis, jaundice, nausea, itching, headache
and an erythematous skin reaction. Therefore, she received treatment with cetirizine and
25 mg prednisolone tablets daily for 6 days. Her blood tests 5 days after the symptoms
relapsed indicated acute liver injury. The blood tests detected grade 4 elevation of ALT
and grade 3 elevation of total bilirubin and AST. After 9 days, a mild coagulopathy was
detected as well. The authors concluded that that the association between the steroids and
liver injury was not considered probable as the tests were normal up to 6 weeks after the
patient was treated with methylprednisolone, while the association between cladribine
and liver injury was considered probable as the tests indicated abnormal values 18 days
after the last treatment tablet of cladribine. Furthermore, the results of the diagnostic
algorithm RUCAM (Roussel Uclaf Causality Assessment Method) indicated a probable
association between cladribine and liver injury. In phase III clinical trials, liver enzyme
abnormalities were uncommon and elevated transaminases >5 ULN were reported in less
than 2% of the subjects. Post-marketing data did not reveal a high risk of hepatotoxicity.
However, very few cases of HBV reactivation have been registered [8,31–34]. Leist and al.
reported several integrated analyses regarding the safety of cladribine during the clinical
development program for MS. The data analysed in July 2022 concerned 56,300 subjects
who received cladribine and 95,664 patient-years of exposure since its approval in 2017.
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The results concluded that liver AEs (generally enzyme elevations) were not commonly
recorded in temporal association with cladribine. The majority of liver injury cases were
classified as grade 1 (mild, 43 reports) or 2 (moderate, 14 reports); there were also one grade
4 case (fatal, which was associated with isoniazid toxicity) and two grade 3 cases (severe).
The majority of liver AEs occurred within 8 weeks of initiating the first course of treatment
with cladribine. The authors reported that, although uncommon, liver toxicity represents
an important risk associated with cladribine. Therefore, further guidance on monitoring
liver function was determined as a part of the modified prescription information [35].

Apart from DILI, eleven cases of increased alanine aminotransferase (ALT) and seven
cases of aspartate aminotransferase (AST) were also found in the retrieved ICSRs. In line
with this finding, the CLARITY and ORACLE studies reported increases in ALT more
frequently than increases in AST. Moreover, in the literature, there are mentioned cases
of MS patients treated with cladribine who have increased GGT (gamma-glutamyl trans-
ferase) after treatment [5]. However, in phase III trials, it was noticed that abnormal
liver function tests were uncommon. Furthermore, grade 3 transaminase elevation was
reported in less than 2 percent of the patients [8,31,36]. Indeed, in the CLARITY study,
out of 884 patients exposed to cladribine over 2 years, less than 10% and 2% experienced
grade 1 and 3 AST/ALT elevation, respectively [8]. On the other hand, in the ORACLE
study, out of 616 patients exposed to cladribine over 2 years, less than 5% and 1% experi-
enced grade 1 and grade 3 AST/ALT elevation, respectively. Similar findings were reported
by the ONWARD study [36].

Among the ICSRs retrieved for this study, apart from the PTs related to liver disorders,
we also found a few cases of hyperbilirubinaemia, pyrexia, pancytopenia and lymphocy-
topenia. In line with this finding, it is known that neutropenic fever is the most common
complication of cladribine therapy for hairy-cell leukemia (HCL), leading to a 3% mortal-
ity rate [37]. In addition, as reported by Leist et al. [33], due to its mechanism of action,
cladribine leads to a transient and selective lymphocyte reduction; thus, lymphopenia is
an expected adverse event. Data from the CLARITY extension and PREMIERE registry
studies concluded that cladribine can lead to a reduction in lymphocyte B and lymphocyte
T [38]. The CLARITY study reported lymphocytopenia mainly graded as moderate or
mild, which was more frequently reported in patients who received cladribine compared
to those receiving a placebo [8]. The literature has also concluded that herpes zoster is
occurring more frequently during periods of severe lymphopenia compared to periods
without severe lymphopenia [8,9,39]. This will be further discussed, as the CLARITY study
showed that there is a low risk of severe lymphopenia or clinical worsening after treatment
with cladribine [9]. There is also a high rate of lymphopenia being reported as an adverse
drug reaction for cladribine, perhaps due to the mechanism of action in clinical trials. In the
CLARITY study, grade 3 or 4 lymphopenia cases have been reported in 25.6% of the patients
receiving cladribine tablets compared to 0.5% of the patients who received a placebo [40].
Moreover, Rolfes et al. reported that lymphopenia was the most commonly observed AE
(86.3% of patients; grade III–IV lymphopenia: 38.8%) [41].

Regarding the ROR among DMTs, we found a higher reporting probability of hepatic
toxicity with cladribine compared with that of glatiramer acetate, natalizumab, ofatu-
mumab, peginterferon beta 1a, ocrelizumab, dymethil fumarate and dyroximel fumarate.
As reported by Biolato [4], none of the DMTs currently available for the treatment of MS are
free of potential hepatic toxic effects. Indeed, cases of liver injury have been reported for
beta-interferon, fingolimod, natalizumab, alemtuzumab and ocrelizumab. The mechanisms
underlying the occurrence of DMT-induced DILI and hepatic ADRs in general are varied,
ranging from autoimmune disorders (such as in cases associated with beta-interferon) or
viral reactivation (such as fingolimod- or natalizumab-induced cases). A recent narrative re-
view showed that beta-interferon is associated with an increase in AST levels [4]. Similarly,
phase III studies have shown that up to 50% of patients have abnormal liver function tests
linked to the use of dimethyl fumarate [42–44]. Safety data from another study showed that
1–2% of patients discontinued the treatment with dimethyl fumarate because of hepatic
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side effects [45]. Concerning alemtuzumab, data from the literature suggest that a small
number of enrolled patients had abnormal liver function in a phase III trial, <1% of which
was rated as serious [4,46,47].

Antonazzo et al. carried out an analysis over a 13-year period about DILI events
related to both DMTs and symptomatic therapy (fampridine) by using data from the FDA
Adverse Event Reporting System (FAERS). DILI events were divided into 8982 overall liver
injuries (OLIs) and 4873 severe liver injuries (SLIs). In line with our study, most of these
events happened in females (75%) >30 years old (72%). The results of the disproportionate
reporting analysis revealed a higher hepatotoxic potential damage with interferons and
mitoxantrone. In addition, the study also reported DILI events for more recently developed
DMTs, such as alemtuzumab, teriflunomide and fingolimod [48]. Furthermore, another
study, carried out by Francis et al., evaluated patients’ liver function after interferon-β-1a
therapy, both in clinical trials and for post-marketing monitoring. They used a clinical trial
database containing information about six studies which reported the use of interferon-β-1a
in patients with MS for at least 6 months: five were placebo-controlled and another one
involved a different formulation of interferon-β-1a. In the treated patients, considerable
increases in ALT levels, asymptomatic cases, dose-related cases and all grades of severity
were indicated. More than 50% of the elevations in liver enzymes were flagged during
the first 3 months of treatment, and more than 75% occurred during the first 6 months. In
some cases, a dosage reduction was required; in other cases, elevated enzyme levels would
resolve spontaneously. Only 0.4% of the patients interrupted the interferon-β-1a treatment
due to hepatic adverse effects. Concomitant medication use was not associated with an
increased risk [49].

Lastly, as recently reported by Meunier and Larrey [50], the occurrence of DILI de-
pends also on genetic factors, including the presence of polymorphisms of HLA which
are associated with a higher susceptibility to idiopathic autoimmune hepatitis and liver
injury induced by MS therapies. In addition, in our study, the role of suspected drugs
other than cladribine as well as the role of concomitant medications and MS itself in the
occurrence of liver toxicities cannot be excluded. Indeed, the prevalence of autoimmune
hepatitis is reported to be higher among MS patients (0.17%) than in the general population
(0.017%) [51].

In conclusion, considering the seriousness of cladribine-induced hepatic ADRs (in our
study, almost 90% of the ICSRs described serious ADRs), a close monitoring of patients
receiving this drug is highly recommended. As recently reported by Clavelou P. et al. [52],
although uncommon, cladribine-induced liver disease might represent a serious threat
for patients; thus, it is important to withhold cladribine treatment from people with pre-
existing liver disease and stay vigilant in regards to the emergence of liver disease during
treatment. According to EMA recommendations, HCPs are advised to perform a detailed
review of patient history of underlying liver disorders or incidence of liver injury with
other medicines before treatment with cladribine is started [53]. In all patients eligible
for cladribine treatment, liver function tests, including serum aminotransferase, alkaline
phosphatase and total bilirubin levels, should be assessed prior to the initiation of therapy
in years 1 and 2. In addition, during treatment, liver function tests should be conducted
and repeated as necessary. If a patient develops liver injury, treatment with cladribine
should be interrupted or discontinued, as appropriate.

4. Methods
4.1. Data Source

ICSRs reporting cases of cladribine-induced hepatobiliary disorders were retrieved
from the EV database, which is publicly accessible at https://www.adrreports.eu/en/
search.html (accessed on 20 June 2023). Data used for this analysis pertained ICSRs related
to cladribine that were uploaded in the EV database before and up to May 2023. EV is the
European pharmacovigilance database that collects adverse reactions related to drugs and

https://www.adrreports.eu/en/search.html
https://www.adrreports.eu/en/search.html
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vaccines that are authorized in the European Economic Area (EEA) [54]. The database is
managed by the EMA on behalf of the EU drug regulatory network.

4.2. Selection of Individual Case Safety Reports with Line Listing

All ICSRs that reported at least one hepatobiliary disorder as ADR having cladrib-
ine as a suspect drug (reported with the substance name) were analysed using the line
listing tool from the EV. To recognize ICSRs that reported hepatobiliary disorders, the
Medical Dictionary for Regulatory Activities (MedDRA®) System Organ Classes (SOCs) of
“hepatobiliary disorders” was used.

4.3. Data Analyses

All data provided in each ICSR regarding patient characteristics (age group and
gender), hepatobiliary ADR (preferred term (PT), seriousness and outcome), suspected
drug(s) other than cladribine, number of concomitant medications, primary source country
for regulatory purpose and reporter type (HCP or non-HCP) were analysed.

A case was classified as “serious” when the ADR led to death, when it was life-
threatening or required hospitalization or prolongation of existing hospitalization, when
it resulted in significant or persistent incapacity/disability, when it was a congenital
anomaly/birth defect or when it was classified as some other medically important condi-
tions [55]. The outcome was classified as “recovering/resolving”, “recovered/resolved”,
“recovered/resolved with sequelae”, “not recovered/not resolved”, “fatal” or “unknown”.
In cases in which more than one ADR was reported related to the Standardized MedDRA
Query (SMQ) or the same SOC, but different outcomes were reported, the outcome with
the lower level of resolution was selected to perform the classification.

We also aimed to assess the reporting odds ratio (ROR) and 95% confidence interval
(CI), as well as the Chi-square test, to evaluate if cladribine has a lower/higher probability of
reporting ICSRs with hepatobiliary ADRs compared with the other DMTs used to treat MS.

4.4. Ethical Standards

Safety data extracted from the spontaneous reporting system comply with ethical
standards and are anonymous. Therefore, no further ethical measures were required.

5. Strengths and Limitations

To our knowledge, this is the first study that has evaluated the hepatic safety profile
of cladribine using data from the EV database. The data we have analysed is of high
importance considering that they refer to ICSRs collected during routine clinical practice,
when drugs are used in real-life conditions. Indeed, although randomized controlled trials
represent the gold standard for determining the efficacy and safety of treatments, their
intrinsic limitations undermine the results’ generalizability. On the contrary, data collected
in real-life conditions reflect the heterogeneity of people using drugs, such as patients
with comorbid conditions, those taking multiple medications, geriatric patients and other
vulnerable populations who are normally excluded by clinical trials, and thus are useful.
Therefore, this study represents a comprehensive analysis of hepatobiliary ADRs’ safety
data and has importance and value in characterizing the safety profile of cladribine using
data from the EV databases.

Although spontaneous reporting systems are valuable due to their strengths, they
have also limitations, such as the low reporting rate of ADRs or incomplete or inaccurate
information. Underreporting leads to economic, ethical and health burdens. HCPs are
usually the primary reporters for ADRs, and they represent a great source for collecting
post-marketing ICRSs [21]. This unreported information (e.g., outcome, medical history,
seriousness, concomitant medication and further suspected drugs) has a high importance
and might have impacted this analysis. In addition, analysing data from ICSRs present
in the EV database is not always the proper method to assess tolerability issues. In fact,
aggregate data available through the public access online tools are mainly useful for
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descriptive analyses, but their interpretation is difficult from a clinical point of view.
Lastly, the limitations of this study are the same as other studies based on data from the
spontaneous reporting system, namely the poor quality of data and the lack of data on
drug exposure.

6. Conclusions

We carried out a descriptive analysis of ICSRs reporting hepatobiliary disorders
associated with cladribine based on the data from the EV database. The majority of the
retrieved ICSRs reported ADRs that were classified as serious and occurred in female
patients in the age group of 18–64 years. The majority of ICSRs reported cladribine as
the only suspected drug, and the most commonly reported PTs were “Drug-induced liver
injury”, “Hyperbilirubinaemia”, “Pyrexia”, “Hepatic function abnormal”, “Pancytopenia”,
“Alanine aminotransferase increased” and “Liver disorder”.

Based on the data retrieved from the EV and considering that the majority of the
ICSRs described serious hepatic ADRs, we believe that further pharmacovigilance studies
evaluating the hepatic safety profile of cladribine are needed. Post-marketing adverse
event reporting is of high importance in order to allow for the early recognition and treat-
ment of ADRs. Moreover, assessments of the physiopathological mechanism underlying
drug-induced hepatic toxicity supply clinicians with valuable instruments for prevention
and treatment.
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