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ARTICLE INFO ABSTRACT

Keywords: Background: . Teriflunomide is an immunomodulatory drug approved for Multiple Sclerosis (MS) treatment that
Multiple sclerosis inhibits dihydroorotate dehydrogenase, a mitochondrial enzyme involved in the de novo pyrimidine synthesis
Teriflunomide

pathway. This mechanism can produce antiviral effects, thus teriflunomide has gained attention during COVID-
19 pandemic. Moreover, in the last months, some case-reports have been published describing MS patients
treated with teriflunomide who developed mild and self-limiting forms of COVID-19.

Methods: Here, we describe the case of a 57-year-old man affected by MS, and treated with teriflunomide, who
developed a mild form of SARS-CoV-2 infection. Moreover, we provide a detailed literature review about the
available cases of COVID-19 in MS patients treated with teriflunomide. We report clinical features, disease course
and outcome, and we discuss similarities and differences among patients.

Results: Apart from the present report, since February 2020, five papers have been published describing 14 MS
patients who developed SARS-CoV-2 infection during teriflunomide treatment. Patients were mostly female
(53%), with an average age of 50.5 (+11.3) years. Median EDSS was 2.25 (range 0-6). The average time on
treatment with teriflunomide was 3.7 (£ 1.6) years. Relevant comorbidities were present in 4 patients (27%).
Regarding SARS-CoV-2 infection, the most common symptom was fever (100%) followed by gastrointestinal
disturbances (67%), fatigue (55%) and cough (55%). 5 patients were hospitalized and 2 required oxygen support.
In patient hospitalized (n=5) compared to the others (n=10), age was significantly higher (59.6 vs 45.9 years,
p=0.025) while gender, EDSS, duration of teriflunomide therapy and comorbidities were not significantly
different. Outcome was good for all patients with a variable recovery time, ranging from few days to some weeks.
Teriflunomide was continued during the entire course of SARS-CoV-2 infection in all patients except for two.
Compared to the patients already described, our patient was 7 years older, average time on teriflunomide
treatment was about 2.5 years shorter, and median EDSS was 1.5 point lower. Despite significant comorbidities,
the outcome was good since our patient was hospitalized but he did not require oxygen supplementation nor
intensive care and was able to return at home after only 10 days. Teriflunomide therapy was continued
throughout the period.

Conclusion: Available data suggest that teriflunomide therapy should not be discontinued in MS patients who
develop SARS-CoV-2 infection, also in presence of significant comorbidities or clinical conditions requiring
hospitalization. Additional studies are necessary to assess if the drug can also have a protective role against
SARS-CoV-2.

COVID-19
SARS-CoV-2

1. Introduction In this regard, it is still not clear the specific risks related to the
outbreak of SARS-Coronavirus disease 19 (COVID-19) in PWMS. The use

It is well known that people with multiple sclerosis (PWMS) present of disease-modifying therapies (DMTs) is considered the most important

an increased risk of infections and hospitalization (Marrie et al., 2014; factor for determining such risk (Brownlee et al., 2020) and there is wide
Wijnands et al., 2017) compared to general population. discussion about the opportunity of continuing or stopping DMTs in MS
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patients with a diagnosis of COVID-19.

DMTs could possibly increase the COVID-19 risks in PwWMS because
of their effects on immune system. Available data suggest that the risk is
higher for second-generation DMTs (Zheng et al., 2020; Sormani et al.,
2020). On the other side, it has been hypothesized that DMTs could also
have a protective effect against COVID-19 because they could modulate
the immune response against SARS-CoV-2, one of the factors associated
with the clinical severity of COVID-19, and in some cases, they could
exert a direct antiviral effect (Baker et al., 2020; Rostami Mansoor and
Ghasemi-Kasman, 2020).

The specific mechanisms of action of the various DMTs and patients’
clinical characteristics should be taken into account to stratify the
COVID-19-related risks in PwMS, although reassuring data from litera-
ture have highlighted that DMTs do not seem to increase the risk of
acquiring COVID-19 (Thakolwiboon et al., 2020). Indeed, the specific
effect of DMT on immune response could be beneficial for blunting the
consequences of the more severe forms of SARS-CoV-2 infection (Ciotti
et al., 2020). In this perspective, teriflunomide has recently gained
attention during COVID-19 pandemic because of its peculiar mechanism
of action based on the selective and reversible inhibition of the dihy-
droorotate dehydrogenase, a mitochondrial enzyme involved in the de
novo pyrimidine synthesis pathway (Bar-Or et al., 2014).

Indeed, pharmacological studies have demonstrated that such
mechanism can produce antiviral effects (Coelho and Oliveira, 2020).
Besides, in the last months, some case-reports have been published
describing MS patients treated with teriflunomide who developed mild
and self-limiting forms of COVID-19 (Bollo et al., 2020; Ciardi et al.,
2020; Maghzi et al., 2020; Mantero et al., 2020; Mohn et al., 2020)

Here, we describe a further case of a 57-year old MS patient treated
with teriflunomide who developed a mild form of SARS-CoV-2 infection.
Moreover, we provide a detailed literature review about the available
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cases of COVID-19 in MS patients treated with teriflunomide. We
describe clinical features, disease course and outcome, and we discuss
similarities and differences among patients, highlighting future di-
rections for research in this field (Fig. 1).

2. Case report

A 57-year old male patient was diagnosed with relapsing-remitting
MS in June 2018 according to the revised McDonald criteria (Thomp-
son et al., 2018). Brain MRI showed multiple supratentorial and infra-
tentorial FLAIR hyperintense lesions while spine MRI was normal.
Cerebrospinal Fluid (CSF) analysis revealed a blood-brain barrier dam-
age (QAlb CSF/Serum 21.7 x 10%) and the presence of CSF-restricted
IgG oligoclonal bands (Pattern II).

In April 2019, he started therapy with teriflunomide (14 mg/day).
Since then, he did not experience clinical relapses or MRI worsening.

His medical history was remarkable for obesity, hypertension treated
with ramipril 5 mg/day, and depressive and anxiety disorder in treat-
ment with citalopram 10 mg/die and brotizolam 0.25 mg/die.

Since the first days of September 2020, he developed severe and
progressive fatigue. For this reason, he was admitted to our outpatient
MS clinic on 9 September 2020. Neurological examination was normal
except for increased reflexes in lower limbs. EDSS was 1. His last brain
and spine MRI, performed on March 2020, was stable. His last available
blood test, performed on September 3, 2020, showed normal blood
count.

On September 10, 2020, he developed fever (39.5°) and cough. For
this reason, he was admitted to Emergency Department of a local hos-
pital. Chest CT scan revealed interstitial pneumonia and a nasopharyn-
geal swab was positive for COVID-19. Blood test showed high levels of C-
reactive protein (CRP) (95 mg/dL) and lactate dehydrogenase (LDH)
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Fig. 1. Clinical presentation and management in teriflunomide-treated MS patients with COVID-19. Panel A: Hospitalization rate. ICU: intensive care unit. Panel B:

symptoms distribution among patients.



F. Capone et al.

(260 UI/L); the partial pressure of oxygen was 65 mmHg.

On September 11, 2020, patient was moved to the COVID-19 ward
(Covid Centre 3, Regione Lazio). At the admission, temperature was
38.5°C. Blood gas analysis showed that the partial pressure of oxygen
was 76 mmHg, with a PaO2/FiO2 (P/F) ratio of 361. CRP was 84 mg/dl.
Other lab tests, including a complete blood count, were normal.

The patient was started on ceftriaxone 2 g/die, clarithromycin 500
mg bid, enoxaparin 4000 UI bid, dexamethasone 4 mg/die and pan-
toprazole 40 mg/die. Teriflunomide was continued.

During hospitalization, he never developed respiratory distress and
no oxygen supplementation was needed.

Clinical condition and laboratory tests rapidly improved. On
September 13, he was afebrile. On September 20, CRP was normal (1.3
mg/dl). After two consecutive negative nasopharyngeal swabs, the pa-
tient was discharged at home in good health.

3. Discussion

Apart from the present report, five papers have been published since
February 2020, describing 14 MS patients who developed SARS-CoV-2
infection during teriflunomide treatment (Bollo et al., 2020; Ciardi
et al., 2020; Maghzi et al., 2020; Mantero et al., 2020; Mohn et al.,
2020). Patients’ clinical characteristics are reported in Table 1.

Patients were mostly female (53%), with an average age of 50.5
(£11.3) years. Median EDSS was 2.25 (range 0-6). Regarding MS
phenotype, 13 patients were affected by relapsing-remitting form, 1
patient by radiologically isolated syndrome and 1 patient by secondary
progressive form. The average time on treatment with teriflunomide was
3.7 (£ 1.6) years. Relevant comorbidities were present in 4 patients
(27%).

Regarding SARS-CoV-2 infection, diagnosis was based on nasal or
nasopharyngeal swab in 11 patients, on clinical criteria in 3 patients and
only reported in one patient. A detailed description of COVID-19 pa-
tient’s clinical condition was available for 9 patients; the most common
symptom was fever (100%) followed by gastrointestinal disturbances
(67%), fatigue (55%) and cough (55%).

5 patients were hospitalized and 2 required oxygen support. Only
one patient (#7) required intensive care hospitalization but this
occurred some days before COVID-19 diagnosis for a different clinical
reason (Klebsiella pyelonephritis/sepsis).

In patient hospitalized (n=5) compared to the others (n=10), age
was significantly higher (59.6 vs 45.9 years, p=0.025) while gender,
EDSS, duration of teriflunomide therapy and comorbidities were not
significantly different.

Specific pharmacological treatments for COVID-19 were performed
in 3 patients, including antibiotics (3/3), corticosteroids (1/3), enox-
aparin (2/3) and lopinavir/ ritonavir (2/3).

Outcome was good for all patients with a variable recovery time,
ranging from few days to some weeks. However, it should be noted that
this item is hardly comparable among patients because it is reported
with scarce details and in different manners (e.g. hospital discharge,
swab negativity, symptoms resolution, return to work or usual
activities).

Teriflunomide was continued during the entire course of SARS-CoV-
2 infection in all patients except for two (#1 and #2). Both of them
required hospitalization for symptomatic interstitial pneumonia and this
could have contributed to the clinical decision to stop teriflunomide. In
both cases, therapy was started again at hospital discharge. In patient
#7, teriflunomide was discontinued for 12 days before COVID-19
diagnosis (because of Klebsiella systemic infection) and then reintro-
duced at reduced dosage (14 mg every other day) during SARS-CoV-2
infection.

Compared with to the patients already described, our patient was 7
years older, average time on teriflunomide treatment was about 2.5
years shorter, and median EDSS was 1.5 point lower.

Our patient required hospitalization, however despite significant
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comorbidities (hypertension and obesity), the outcome was good since
he did not require oxygen supplementation nor intensive care and was
able to return at home after 10 days. Teriflunomide therapy was
continued throughout the period.

Taken together, available data suggest that teriflunomide does not
require to be discontinued in MS patients who develop SARS-CoV-2
infection. In addition to literature data, our case report suggests that
continuing therapy might be safe also in patients with significant
comorbidities, who develop SARS-CoV-2 related pneumonia requiring
hospitalization.

Moreover, review of the available literature indicates that, as ex-
pected, age is a risk factor for a more aggressive course of COVID-19,
also in MS patients. Indeed, Louapre et al. (2020) observed that age,
together with neurological disability and obesity, are the main risk
factors for severe forms of COVID-19 in PwMS, while DMTs did not seem
to influence the risk of getting SARS-CoV-2 infection nor the clinical
outcome. In this paper we found that hospitalized patients were signif-
icantly older compared to others, while the lack of significant differ-
ences between groups in terms of disability level (EDSS) and
comorbidities could be due to the low number of patients.

Some authors hypothesized that teriflunomide, not only does not
increase the COVID-19 related risks but it could also have a protective
role against SARS-CoV-2 (Ciardi et al., 2020; Maghzi et al., 2020).

This hypothesis is based on different findings. First of all, it is well
known that the inhibition of dihydroorotate dehydrogenase by teri-
flunomide can induce antiviral effects by two different mechanisms: a)
the depletion of pyrimidine pool interferes with the transcription and
replication of RNA viruses (such as SARS-CoV-2) causing a halt in
infection; b) the expression of antiviral genes, such as interferon-
simulated genes, which foster innate immune responses against vi-
ruses (Cheung et al., 2017; Lucas-Hourani et al., 2013; Luthra et al.,
2018). Moreover, teriflunomide has an immunomodulatory activity
because it reduces the proliferation of rapidly dividing cells, including
activated T and B lymphocytes, without causing cell death (Bar-Or et al.,
2014). Accordingly, teriflunomide could reduce the severity of
COVID-19 by preventing an excessive immunological host response to
virus.

Recently, Ciardi et al. (Ciardi et al., 2020) described the peripheral
blood immune cell profile in a teriflunomide-treated MS patient, before
and during SARS-COV-2 infection. They found out no changes in the
rates of immune activation and immunosenescence of T-cells. They
hypothesized that chronic treatment with teriflunomide prevented an
excessive activation of the immune system against the SARS-CoV-2 and
this positively influences patient prognosis.

However, although intriguing, this hypothesis is not yet supported by
robust and reliable clinical data. Indeed, although all reported MS pa-
tients treated with teriflunomide developed mild forms of COVID-19, we
cannot rule out that the positive outcome may have been unrelated to
teriflunomide, given that most patients recover spontaneously without
treatment. Similar conclusions can be drawn for other DMTs (Sormani,
2020). In this regard, Sormani and colleagues collected data of PwMS
who developed COVID-19 in the first half of 2020 (Sormani et al., 2020).
Overall, they found out that DMTs were not associated with a worse
outcome, apart from B-cell-depleting agents and methylprednisolone
(administered in the month preceding the onset of the symptoms).
Additionally, Interferon seems to decrease the risk of SARS-CoV-2
infection, presumably through a direct antiviral effect (Sormani et al.,
2020). However, randomized, controlled, clinical trials are warranted to
clarify the role of teriflunomide and other DMTs during SARS-CoV-2
infection.

Along similar lines, some concern exists for vaccination of PwMS
against SARS-CoV-2. However, most of COVID-19 candidates are non-
live vaccines (Jeyanathan et al., 2020), thus they could be adminis-
tered with reasonable safety to people treated with DMTs too (Riva
et al., 2020).



Table 1
Clinical characteristics of SARS-CoV-2 infection in teriflunomide-treated MS patients. EDSS: Expanded Disability Status Scale. MS: Multiple Sclerosis. ICU: Intensive Care Unit. RR: Relapsing-Remitting. RIS: Radiologically
Isolated Syndrome. SP: Secondary Progressive. Not reported: data non reported from authors.

‘v 32 auodp) g

Paper Patient Age  Gender EDSS MS Years on Teriflunomide COVID-19 COVID-19 Comorbidities Covid-19 Hospitalization ~ Oxygen ICU Outcome
D type  Teriflunomide  Discontinuation Symptoms diagnosis therapy support care
during Covid-19
infection
Bollo #1 58 F 2.5 RR 4 Yes (reinitiated at ~ Fever, slight nasopharyngeal Not reported antibiotics, Yes Yes No Good
et al. hospital dyspnea, swab chloroquine,
discharge) diarrhea lopinavir/
ritonavir,
enoxaparin
Ciardi #2 62 F 6 RR 5 Yes (reinitiated at ~ Fever, nasopharyngeal Not reported antibiotics, Yes No No Good
etal. hospital dyspnea, swab chloroquine,
discharge) fatigue, dry lopinavir/
cough, ritonavir
diarrhea
Maghzi #3 52 M 0 RIS 3 No Fatigue, nasal swab Obstructive sleep ~ None No No No Good
et al. headache, apnea, (complete
nasal hyperlipidemia, recovery
congestion, attention deficit in 25 days)
loss of smell, hyperactivity
myalgia, disorder,
fever, rigors, depression
rhinorrhea,
diarrhea
#4 52 F 2.5 RR 4 No Headache, nasopharyngeal No None No No No Good
nausea and swab (complete
vomiting, recovery
fever, in 20 days)
asthenia, loss
of smell
#5 47 M 1 RR 4 No Sore throat, nasal swab No none No No No Good
diarrhea, (complete
fever, cough, recovery
mild dyspnea in 38 days)
#6 38 M 3 RR 2 No Fever, dry reported by Attention deficit none No No No Good
cough patient disorder, anxiety, (complete
alcohol abuse recovery
in few
days)
#7 79 F 6 SP 3 Yes (discontinued  Fever, dry nasopharyngeal Hypertension, none Yes Not Yes Good
for 12 days before ~ cough swab urinary tract reported (complete
Covid-19 infections. recovery
infection and in 8 days)
taken at reduced
dosage during
Covid-19
infection)
Mantero #8 37 F 1.5 RR 0.5 No Not reported nasopharyngeal No none No No No Good
et al. swab
#9 54 F 3.5 RR 1 No Not reported nasopharyngeal No none No No No Good
swab
#10 57 F 1 RR 0.5 No Not reported nasopharyngeal No none No No No Good
swab
#11 40 M 1 RR 3 No Not reported clinical criteria No none No No No Good
#12 48 M 2 RR 2.5 No Not reported clinical criteria No none No No No Good

(continued on next page)
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_ 4. Conclusion
8.2 o £
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12 . . . .
°gE R N T Ez =) In conclusion, available data suggest that teriflunomide therapy
o o o o . . . .
G882 ¢s R should not be discontinued in MS patients who develop SARS-CoV-2
infection, also in presence of significant comorbidities or clinical con-
2 ditions requiring hospitalization. Additional studies are necessary to
assess if the drug can also have a protective role against SARS-CoV-2.
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