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Abstract: Intracerebral hemorrhage (ICH) is an uncommon but clinically significant event in pa-
tients with multiple sclerosis (MS), and its relationship to disease-modifying therapies (DMTs) re-
mains incompletely understood. We report the case of a patient with long-standing MS who devel-
oped an ICH. The patient had a 16-year history of MS and was reluctant towards long-term DMT.
Cladribine was introduced as a high-efficacy treatment, and less than two years after treatment in-
itiation, the patient experienced a spontaneous ICH. Despite the hemorrhagic event, cladribine ther-
apy was continued, resulting in subsequent stabilization of MS disease activity, with only mild re-
sidual neurological deficit. A thorough evaluation revealed no alternative secondary causes neither
conventional risk factors for the hemorrhage. Although current literature does not establish a de-
finitive link between cladribine and ICH, the temporal relationship in this case enhances the possi-
bility of a therapy-related contribution. Given the absence of definitive causal evidence, we propose
that chronic neuroinflammation with impaired cerebrovascular autoregulation, compounded by
therapy-induced immunosuppression, could contribute to the event. However, causality cannot be
inferred from the single observation of disease versus treatment-related factors. Further data are
needed to clarify hemorrhagic risk in MS patients receiving DMT and the need for continued phar-
macovigilance when using high-efficacy immune-depleting therapies.
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1. Introduction

Multiple sclerosis (MS) is a chronic immune-mediated disorder of the central nervous
system (CNS), characterized by multifocal inflammation, demyelination, and progressive
axonal injury, which collectively lead to neurological dysfunction and long-term disabil-
ity. The disease is driven by autoreactive lymphocytes that cross the blood—brain barrier
(BBB), initiating inflammatory cascades that result in myelin destruction [1]. Relapsing-
remitting multiple sclerosis (RRMS) is the most common clinical phenotype, characterized
by acute relapses of neurological symptoms followed by periods of partial or complete
remission [2]. Although recovery after relapses may appear substantial, subclinical dis-
ease activity and cumulative tissue damage frequently persist, contributing to long-term
disability progression [2].

Over the past two decades, disease-modifying therapies (DMT) have fundamentally
altered the management of MS. These therapies aim to reduce relapse frequency, suppress
MRI disease activity, and delay disability accumulation. Strong clinical evidence supports
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the early initiation of DMTs, as delayed treatment is associated with worse long-term out-
comes, including irreversible neurological damage [3]. This is particularly relevant in pa-
tients with highly active diseases, for whom early escalation to high-efficacy therapies
may be warranted.

Cladribine is a high-efficacy oral DMT approved for the treatment of active RRMS
[4]. It is a purine nucleoside analog whose active intracellular metabolite selectively accu-
mulates in lymphocytes, interfering with DNA synthesis and repair and ultimately induc-
ing apoptosis [4,5]. Cladribine exerts a more pronounced effect on B lymphocytes than on
T lymphocytes and induces gradual immune depletion without causing acute cell lysis,
allowing for slow immune reconstitution over several months [4,6]. Its short-course oral
dosing schedule, requiring treatment on only 8-10 days per year over two years, distin-
guishes it from continuous immunosuppressive therapies and places it within the cate-
gory of immune reconstitution therapies [6].

Clinical trials have demonstrated that cladribine significantly reduces relapses, MRI
lesion activity, and disability progression in patients with RRMS [7]. Overall, cladribine is
considered well tolerated; however, due to its immunosuppressive effects, it may increase
susceptibility to infections and, potentially, malignancies [8]. Vascular adverse events are
not commonly reported, and intracerebral hemorrhage (ICH) has not been identified as a
recognized complication of cladribine therapy in clinical trials or post-marketing surveil-
lance [4]. According to one study, cladribine diminishes endothelial migration of inflam-
matory cells across in vitro BBB [9]. However, theoretical concerns remain due to potential
effects on coagulation, vascular integrity, or immune-mediated vascular injury [10]. The
period shortly after treatment initiation, characterized by immune depletion and subse-
quent reconstitution, could transiently affect vascular homeostasis in patients with pre-
existing cerebrovascular fragility. MS itself is associated with chronic neuroinflammation,
BBB disruption, and endothelial dysfunction, all of which may predispose patients to cer-
ebrovascular pathology [10,11]. Additionally, immunological research suggests that the
inflammatory response in MS may contribute to the formation of a focal hemorrhagic site
[12].

Given the shared inflammatory mechanisms involved in MS and ICH, the occurrence
of hemorrhagic stroke in an MS patient treated with cladribine raises important questions
regarding pathophysiological interactions and the need for more close monitoring when
using high-efficacy immune-depleting therapies.

2. Case Report

We report the case of a 47-year-old man with a long-standing history of RRMS. His
initial neurological symptoms occurred in 2003, at the age of 25, when he presented with
altered sensation in the lower limbs and episodes of diplopia. His medical history was
otherwise unremarkable, apart from infectious mononucleosis in 1997. Cerebrospinal
fluid analysis demonstrated intrathecal IgG synthesis, while MRI of the brain revealed
multiple periventricular demyelinating lesions. MRI of the cervical spine identified a le-
sion at the level of the C1 vertebra. Based on these findings, RRMS was diagnosed. Despite
fulfilling diagnostic criteria and receiving medical counseling, disease-modifying therapy
(DMT) was not initiated at that time in accordance with the patient’s reluctance to com-
mence long-term treatment.

For many years, the patient remained clinically stable without treatment. This period
of apparent stability ended in December 2018, when follow-up MRI demonstrated six new
cerebral lesions indicating active inflammation. In January 2019, the patient experienced
sudden bilateral visual loss, consistent with optic neuritis, which improved following
high-dose intravenous corticosteroid therapy. Another clinical relapse occurred in August
2019, accompanied by thoracic spinal cord involvement. Neurological examination re-
vealed signs of motor, cerebellar, brainstem and autonomic dysfunction, including sac-
cadic horizontal eye movements, tongue deviation, pronation of the right arm, dysmetria
of both legs, and right-sided weakness.
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Given clear evidence of ongoing disease activity and progression, and with prior
normal laboratory tests (complete blood count, platelets, liver function and infection
screening) cladribine therapy was initiated in November 2019. The patient tolerated the
first treatment cycle well and completed the second cycle in December 2020. No transient
thrombocytopenia was found between treatment cycles. In early 2021, the patient pre-
sented to the neurological emergency department with acute-onset speech disturbance
accompanied by headache. Neurological examination revealed transcortical mixed apha-
sia, without other new focal deficits. His laboratory findings were in reference range: red
blood cells 5x1012 /L, hematocrit 43%, platelets 210x 109 /L, activated partial thromboplas-
tin time (aPTT) 32 seconds, PT 12 seconds, INR 0,9, fibrinogen 2,9 g/L. and Ddimer was
341 ng/mL. Ionogram, kidney liver parameters, sedimentation rate and CRP were unre-
markable. Immunological Tests (ANCA, ANA, C3, C4) excluded vasculitis and systemic
inflammation. Patient was negative for serum alcohol and sympathomimetic drugs. No
infective signs were observed.

Computed Tomography of the brain (CT) demonstrated a left temporoparietal in-
tracerebral hemorrhage. Computed tomography angiography (CTA) did not show vascu-
lar abnormalities such as arteriovenous malformations (AVM), tumor vascularization or
aneurysms. Digital subtraction angiography (DSA) was not used as initial vascular screen-
ing and was refused by the patient in further evaluation. The patient was normotensive
and had no history of hypertension, diabetes, smoking, alcohol abuse, or other conven-
tional cerebrovascular risk factors. He was managed conservatively with blood pressure
control, antiedema measures, and rehabilitation. Follow-up CT imaging ten days later
showed a stable hematoma size with minimal perifocal edema.

MRI of the brain (Susceptibility Weighted Imaging (SWI)) sequence confirmed a late
subacute hemorrhage in the left temporo-occipital region, without evidence of new or ac-
tive demyelinating lesions. No signs of amyloid angiopathy, cortical superficial siderosis
or cerebral microbleeds were found by this sequence. MR of the cervical spine showed
stable demyelinating lesions without disease activity. The patient remained under regular
neurological follow-up. The final cladribine dose was administered in December 2022.
MRI of the brain and cervical spine in August 2024 demonstrated continued radiological
stability, with no new lesions. Clinically, the patient exhibited mild residual deficits, in-
cluding minor spastic paraparesis, gait instability, nocturnal spasms, urinary urgency,
and minor cognitive difficulties.

3. Discussion

Intracerebral hemorrhage (ICH) is a rare but potentially devastating cerebrovascular
complication in patients with multiple sclerosis (MS). While ischemic stroke occurs more
frequently, several studies suggest that MS patients have about twice the relative risk of
ICH compared with the general population [13,14]. A systematic review on 146,381 MS
patients estimated the pooled prevalence of ICH at approximately 0.6% [13], while a ret-
rospective cohort study showed frequency of 0, 19% [13]. Neuroinflammation plays a cen-
tral role in the pathogenesis of both MS and ICH. Activated microglia, astrocytes, and
infiltrating immune cells release pro-inflammatory cytokines, chemokines, and reactive
oxygen species, contributing to blood-brain barrier (BBB) disruption and secondary brain
injury [15]. Chronic BBB dysfunction in MS may increase vascular permeability and fra-
gility, potentially predisposing patients to hemorrhagic events [11-13].

Comorbidities such as hyperlipidemia, alcohol and tobacco use, obesity, and hyper-
tension may also contribute to progression of MS [16]. Our patient’s history was apart
from MS negative for cerebrovascular risk factors. Considering alternative causes that
could have caused this event, laboratory evaluation in our patient did not reveal anemia,
transient thrombocytopenia, lymphopenia or coagulopathy prior or during the treatment.
Liver, kidney, inflammation and vasculitis panels were in reference range. Toxicological
screening for drugs and alcohol was negative. Neuroimaging excluded malignancy, cere-
bral angiopathy and vascular malformations. No signs of amyloid angiopathy, cortical
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superficial siderosis or cerebral microbleeds were found in iron-sensitive MRI sequences
(SWI).

Certain disease-modifying therapies (DMT) have been associated with altered cere-
brovascular risk. Alemtuzumab, interferon-beta, natalizumab, and mitoxantrone have
been linked to an increased risk of ICH, whereas fingolimod and related agents may exert
protective effects by stabilizing endothelial function and reducing inflammatory cell mi-
gration [13,17-20]. For example, interferon-3 has been associated with thrombotic micro-
angiopathy and vasoconstrictive effects, which may increase the risk of hemorrhagic
events [21]. Furthermore, one study hypothesized that MS patients receiving DMT have a
reduced risk of ICH because of the anti-inflammatory effects of these treatments may
counteract the increased vascular permeability seen in MS [22].

To date, there is no established association between cladribine therapy and ICH
[23,24]. Nevertheless, the absence of a clearly established association between cladribine
and ICH should be interpreted with caution. To date, no adequately powered studies have
systematically assessed hemorrhagic cerebrovascular events in patients treated with
cladribine, leaving the true vascular risk profile incompletely defined. The temporal rela-
tionship in this case, occurring less than two years after treatment initiation during the
active phase, raises the feasibility of a therapy-related contribution in which cladribine
could have acted as a precipitating factor.

We used Naranjo ADR Probability Scale to assess causality for adverse drug reaction
in our case. The scale showed possible ADR score (3), which states that “reaction followed
a temporal sequence after a drug, possibly followed a recognized pattern to the suspected
drug and could be explained by characteristics of the patient’s disease” [25]. Although
cladribine can cause lymphopenia [26] and, less commonly, thrombocytopenia, which is
more frequently observed in oncologic patients [27] and has been reported as a rare im-
mune-mediated event in a single case in the literature [28], laboratory evaluation in our
patient did not reveal any hematological abnormalities that could account for ICH. These
observations underscore the need for careful monitoring and continued pharmacovigi-
lance when using high-efficacy immune-depleting therapies.

Alternative explanations for ICH in this patient primarily include the introduction of
cladribine in the context of long-standing disease. Cladribine-induced immunosuppres-
sion may have played a central role by altering immune surveillance, vascular integrity,
and neuroinflammatory regulation. Chronic inflammation may have promoted angiogen-
esis (facilitating the release of pro-angiogenic mediators, stimulating endothelial prolifer-
ation and neo- vessel formation). However, inflammation-induced vessels are often struc-
turally immature and fragile and could have been further destabilized by therapy-related
immune depletion. As cladribine leads to gradual immune depletion followed by immune
reconstitution [4,6], this transient immunological imbalance may have impaired cerebro-
vascular autoregulation and increased susceptibility to hemorrhagic events.

The coincidence of timing of ICH after the introduction of cladribine leads us to care-
ful evaluation of cladribines action, since it is not possible to definitively dissociate the
intervention from the event only based on the absence of previously published reports.
Furthermore, the event may represent a rare idiosyncratic adverse reaction considering a
rarity, and not direct relation to the drug’s known pharmacological effects or dose. Alt-
hough DMTs are generally associated with reduced inflammatory activity and may con-
tribute to endothelial stabilization over the long term, their immunological effects are not
uniform across all phases of treatment.

Immune-depleting therapies such as cladribine induce a transient period of lympho-
cyte reduction: Initial Treatment Phase in the year 1, and Maintenance Phase in the year
2, with the lowest lymphocyte counts for the second year generally occurring around
month 14. [29]. This initial phase is followed by immune reconstitution in the months fol-
lowing the treatment courses. This dynamic immunological shift may temporarily alter
vascular homeostasis and cerebrovascular autoregulation. Therefore, while sustained in-
flammatory control could theoretically reduce hemorrhagic risk, the immunological
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changes occurring after treatment initiation, particularly lymphocyte depletion followed
by immune reconstitution, may temporarily disturb vascular regulation mechanisms, po-
tentially increasing hemorrhagic risk in patients with underlying cerebral vulnerability.

It should be emphasized that lymphopenia was never documented in our patient.
However, a potential transient immunological shift cannot be excluded, as it may have
contributed to immune system destabilization and impaired vascular regulation at some
point prior to the onset of ICH. In evaluating the diagnostic approach of the pathophysi-
ology of ICH in our patient, it is important to note that DSA was not performed as part of
the initial vascular assessment. Instead, CTA, a non-invasive modality with high diagnos-
tic accuracy (approximately 95% sensitivity and 99% specificity) for detecting macrovas-
cular causes, was utilized [30]. However, the patient declined further vascular evaluation.

According to current literature, when CTA findings are negative, DSA is recom-
mended, as it may still identify an underlying vascular etiology in up to 20% of cases,
particularly in patients without known small vessel disease or hypertension, or in the
presence of atypical imaging features such as calcifications, associated subarachnoid hem-
orrhage, or unusual hemorrhage location [31]. Not having DSA in our diagnostic protocol
is the reason why the link between cladribine and ICH, even despite the temporal rela-
tionship in this case, presumes but not the testify with the certainty the possibility of a
therapy-related contribution. Furthermore, presumption about angiogenesis in response
to chronic inflammation is speculative, since there was no proof of neovascularization or
fragile vessels in the bleed.

In this case, the occurrence of ICH within two years of cladribine initiation and dur-
ing the active treatment phase raises the possibility of a therapy-related contribution. Alt-
hough currently available literature does not establish a definitive association between
cladribine and hemorrhagic cerebrovascular events, dedicated large-scale studies specifi-
cally evaluating such outcomes are lacking, limiting precise risk assessment. While
chronic neuroinflammation may have created a vulnerable cerebrovascular substrate, our
statement is that immunosuppressive therapy may have acted as a precipitating trigger.
Furthermore, the event may represent a rare idiosyncratic adverse reaction occurring in a
susceptible individual. These considerations underscore the importance of cautious inter-
pretation and continued pharmacovigilance when evaluating cerebrovascular events in
patients receiving immune-depleting therapies.

4. Conclusion

This case report describes a rare occurrence of intracerebral hemorrhage (ICH) in a
patient with relapsing-remitting multiple sclerosis (RRMS) following treatment with
cladribine. Although a definitive relationship cannot be established, the temporal associ-
ation raises the possibility of a treatment-related contribution. Cladribine-induced immu-
nosuppression may have affected immune-mediated vascular homeostasis and cerebro-
vascular autoregulation, potentially increasing susceptibility to hemorrhagic complica-
tions. While chronic neuroinflammation and delayed therapy initiation may have repre-
sented predisposing factors, our case report shows that immunomodulatory treatment
may have acted as a precipitating trigger. This case highlights the need for careful risk
assessment, close monitoring, and ongoing pharmacovigilance when using high-efficacy
immune-depleting therapies. Further studies are warranted to better characterize poten-
tial cerebrovascular risks associated with cladribine and similar immunomodulatory
agents.
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