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Abstract
During the COVID-19 pandemic, concerns raised regarding the use of immunosuppressants in multiple sclerosis, even 
if current data do not support an increased risk of infection. Although fingolimod can be temporarily suspended during 
COVID-19, the benefit-risk balance of suspension can be challenging. Till now, no adverse events have been described after 
the resumption of fingolimod, following a previous discontinuation. We report the occurrence of atrioventricular block fol-
lowing fingolimod restart. Fingolimod acts on sphingosine-1-phosphate-axis, a pathway that is altered with COVID-19 and 
hypoxic conditions. Herein we discuss how these metabolic changes may have influenced fingolimod pharmacology leading 
to a cardiac event.
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Abbreviations
MS  Multiple sclerosis
S1P  Sphingosine 1-phosphate
AVB  Atrioventricular block
COVID-19  Coronavirus disease 2019

Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus type-2 (SARS-
CoV-2), has quickly become a global pandemic. Acquired 
or iatrogenic immunosuppression is considered a signifi-
cant risk factor for a severe COVID-19 [1]. Current data, 

however, do not support an increased risk of infection in 
multiple sclerosis (MS) patients treated with immunosup-
pressive disease-modifying drugs (DMD) [2]. Nevertheless, 
a more tailored approach in managing COVID-19 in people 
with MS should be addressed, basing on individual risk fac-
tors [2]. Fingolimod was the first oral agent approved for 
the treatment of the relapsing form of MS. Management of 
COVID-19 infection in fingolimod-treated patients can be 
challenging. Two cases of COVID-19 improvement have 
been reported after the interruption of fingolimod treatment 
[3, 4]. On the other hand, in another case, discontinuation 
apparently led to a clinical exacerbation of SARS-CoV2 
infection [5]. The possible rebound of MS inflammatory 
activity after fingolimod withdrawal should also be consid-
ered [6]. Fingolimod is a sphingosine 1-phosphate (S1P) 
receptor (S1PR) modulator. S1P and its five known receptors 
are widely distributed in the human body and are involved 
in several physiological functions [7]. In the cardiac tissue, 
S1P receptors are heavily expressed in atrial, ventricular, and 
septal cardiomyocytes [7]. This local high receptor expres-
sion may lead to the cardiac side effects (i.e., bradycardia 
and atrioventricular block—AVB) of fingolimod, especially 
in the context of the first administration of the drug. Real-
world evidence, however, suggests that fingolimod first dose 
is uneventful in most (> 90%) patients [8]. Nevertheless, all 
patients need to be monitored for at least 6 h after the first 
dose and in case of fingolimod resumption occurring 14 or 
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more days after suspension. In literature, there are no reports 
of fingolimod re-administration after treatment interruption 
due to COVID-19. Here, we report a cardiac event following 
fingolimod restart in an MS patient who stopped fingolimod 
intake because of COVID-19 disease.

Case report

A 55-years-old male MS patient was under fingolimod 
treatment since 2011. The cardiac monitoring after the 
first administration was uneventful. Besides MS, he had an 
unremarkable medical history. On the 27th of March 2020, 
the patient presented to a primary care hospital reporting 
dyspnea, fever, dry cough, bone and joint pain, anosmia, 
and ageusia. Peripheral oxygen saturation was 87% with a 
respiratory rate of 32 breaths/min. Chest computed tomog-
raphy (CT) scan showed severe bilateral interstitial pneumo-
nia. The patient was therefore hospitalized. Laboratory tests 
showed elevated c-reactive protein, D-dimer, procalcitonin 
and ferritin and lymphopenia (total lymphocytes = 600/µL). 
Arterial blood gas analysis showed paO2 = 63.1 mmHg, 
pCO2 = 33.8 mmHg and pH = 7.45. The nasopharyngeal 
swab was positive for SARS CoV-2 RNA. Fingolimod treat-
ment was stopped on March 27th, 2020. During hospitaliza-
tion, the patient needed non-invasive ventilation for respira-
tory support. Lopinavir/ritonavir, hydroxychloroquine, and 
systemic steroid treatments were administered. The patient 
was discharged on the 15th of April after testing negative for 
SARS-CoV-2 on a nasopharyngeal swab. Peripheral oxygen 
saturation returned to 95% at rest with a respiratory rate 
of 16 breaths/min. During the following days, the patient 
reported asthenia and mild dyspnea with moderate exer-
tion. After 46 days of treatment discontinuation, the patient 
was deemed healed and fingolimod treatment was resumed. 
At treatment restart, his blood pressure was 127/77 mmHg 
and the heart rate 86 beats/min. A baseline electrocardio-
gram (ECG) was normal and the patient denied any cardiac 
symptoms occurring in the previous months. Approximately 
three hours after fingolimod intake, the patient developed 
an asymptomatic type 2 s-degree AVB (Mobitz II), lasting 
intermittently for several hours. It fully recovered after about 
nine hours. The patient was evaluated by a cardiologist that 
performed an echocardiogram that resulted in unremark-
able (normal ejection fraction, dimension, and ventricular 
motion). Since it was well tolerated by the patient and the 
blood pressure was stable, no therapy was administered. 
At night telemetry monitoring, a single episode of type 
1 s-degree AVB was recorded (Wenckebach phenomenon). 
The day after, the patient was discharged with a sinus rhythm 
and ECG was normal. Following this episode, fingolimod 
was permanently stopped.

Discussion

In patients adequately selected for the drug, fingolimod is 
well tolerated and has good efficacy to suppress disease 
activity. Apart from the known side effects, no new safety 
warnings due to long-term treatment have been reported so 
far [9]. Temporary treatment interruption may be needed 
in clinical practice for different reasons (e.g., pregnancy 
planning in women). When treatment interruption exceeds 
14 days, cardiac monitoring is required. However, no car-
diac adverse events occurring during fingolimod re-admin-
istration have been described in the literature or reported 
during post-marketing experience (Novartis, data on file).

The reported patient experienced no cardiac side effects 
after fingolimod first dose. Conversely, during fingolimod 
re-treatment, he developed asymptomatic intermittent 
type 2 s-degree AVB, despite having a normal baseline 
ECG recording and no cardiac risk factors. These episodes 
started three hours after medication intake and recovered 
spontaneously.

The severe disease due to SARS-CoV-2 is characterized 
by dyspnea, respiratory frequency ≥ 30 breaths/min, blood 
oxygen saturation ≤ 93% [1]. According to these criteria, 
our patient developed severe pneumonia. Current evidence 
shows that fingolimod, after phosphorylation and interac-
tion with S1PR, induces activation of G-protein–coupled 
inwardly rectifying potassium (GIRK) channels caus-
ing a transient reduction in heart rate or rarely AVB [7]. 
Since the patient developed no cardiovascular risk factors 
between the first fingolimod administration and the re-
treatment, it makes one wonder if COVID-19 may have 
contributed to AVB after fingolimod reintroduction. Fol-
lowing this hypothesis, it is possible to identify three criti-
cal points in fingolimod pharmacokinetics and pharmaco-
dynamics that may have had a role in the reported cardiac 
event (Fig. 1):

1. Elimination. Fingolimod is eliminated by liver oxida-
tion, predominantly metabolized by CYP4F2 and to a 
minimal extent by CYP3A4 [10]. Ritonavir, adminis-
tered to our patient during hospitalization, is a potent 
inhibitor of CYP3A4 [11]. The recovery of CYP3A4 is 
estimated to occur a few days after inhibitor discontinu-
ation [12]. This makes the potential role of this drug 
interaction unlikely.

2. Activation: Fingolimod activation requires sphingosine 
kinase (SphK), enzymes that catalyzes phosphoryla-
tion of sphingosine to S1P [13]. There are two forms 
of SphK, SphK1 and SphK2 [13]. These enzymes, 
especially SphK2, are necessary for the bioactivation 
of fingolimod to fingolimod-phosphate [13]. Hypoxia 
was found to rapidly activate SphK1 and SphK2 both 
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in vitro and in vivo [14, 15]. In a condition of general-
ized hypoxia, as occurs in COVID-19 patients, an over-
activation of SphKs is therefore likely. This may lead to 
a potentially increased fingolimod bioactivation.

3. Target. The target of fingolimod is S1PR [13]. There 
are five S1PR subtypes, all G protein–coupled recep-
tors [13]. With the exception of S1PR type 2, fingoli-
mod is a non-selective agonist of all the other receptors 
[13]. Both in vitro and in vivo studies demonstrated that 
hypoxia can increase the expression of these receptors 
[16]. In addition, several studies have shown the impli-
cation of these receptors in myocardial hypoxic/ischemic 

injury [17]. It is reasonable to speculate that a hypoxic 
condition such as COVID-19 pneumonia may have 
resulted in increased cardiac receptor concentration. 
In a recent paper, Song and colleagues demonstrated a 
plasma reduction of S1P levels in COVID-19 patients 
[18], confirmed by the work of Marfia et al. [19]. Sphin-
gosine concentration is known to downregulate recep-
tor expression, through a ligand-mediated internalization 
mechanism [20]. Consequently, an increase in receptors 
is plausible in an environment with low S1P concentra-
tion, similarly to what occurs in the egress of lympho-
cytes from lymphoid organs [20].

According to these hypotheses, an increase in fingolimod 
bioactivation (point 2) and in S1PR expression (point 3) may 
occur in SARS-CoV-2 severe pneumonia, thus determin-
ing a greater cardiac susceptibility (Fig. 2). In our case, the 
patient developed an AVB less than three weeks after the 
discharge for COVID-19. It is not possible to assess the tim-
ing needed for these supposed metabolic alterations to return 
to homeostatic conditions. However, long-term sequelae are 
known to occur in COVID-19 [1]. Similar conditions may 
develop also in the context of other systemic affections, 
mostly infective, such as other severe pneumonias and sep-
sis. Consistently, a reduction in serum S1P was previously 
observed in patients with sepsis [21]. Nevertheless, there are 
no reports of cardiac events after fingolimod resumption in 
those patients. This is maybe at least partially explained by 
the low occurrence of severe systemic infections in patients 
treated with fingolimod [22]. The extraordinary pandemic 
scenario, by increasing the incidence of severe pneumonias 

Fig. 1  Fingolimod metabolism. Three critical points potentially 
altered in the reported case. Abbreviation: SphK (sphingosine kinase)

Fig. 2  Possible mechanisms 
determining the occurrence 
of atrioventricular block in 
the reported case. Increase in 
fingolimod-phosphate (bioactive 
form) and in S1PR expression 
during COVID-19 compared to 
the homeostatic condition. This 
condition could lead to greater 
activation of GIRK channels 
causing cardiac event. Abbre-
viation: FTY (green balls), fin-
golimod; FTY-P (yellow balls), 
fingolimod-phosphate; S1PR 
(blue receptors), sphingosine 
1-phosphate receptor; GIRK 
(red channels), G-protein–cou-
pled inwardly rectifying potas-
sium;  K+, potassium. Created 
with BioRender.com



3978 Journal of Neurology (2021) 268:3975–3979

1 3

in a short period of time, may have increased the chance of 
a rare event to occur. Finally, with the exception of COVID-
19, if a severe infective event occurs during treatment, a 
resumption of fingolimod is usually unlikely.

Taken together, our speculations suggest a possible role 
of the S1P axis in COVID-19 as already supported by other 
papers [18,19]. Should this be the case, pharmacological 
alterations may occur in fingolimod metabolism. Our find-
ings are limited since they arise from the observation of 
a single case. However, they stress the need for further 
research regarding the S1P pathway in COVID-19 and MS 
patients. Furthermore, the present report prompts neurolo-
gists to carefully consider fingolimod withdrawal during 
COVID-19 disease.
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