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Neuropathy in multiple sclerosis patients treated with teriflunomide
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SUMMARY

OBJECTIVE: Teriflunomide is an oral medication approved for the treatment of patients with multiple sclerosis. The primary effect of teriflunomide
is to reduce de novo pyrimidine synthesis by inhibiting mitochondrial dihydroorotate dehydrogenase, thereby causing cell-cycle arrest. We aimed to
investigate the occurrence of peripheral neuropathy, a rare side effect of teriflunomide, in patients receiving teriflunomide.

METHODS: Multiple sclerosis patients receiving teriflunomide (n=42) or other disease modifying therapies (n=18) and healthy controls (n=25) were
enrolled in this cross-sectional study between January 2020 and 2021. The mean duration of teriflunomide treatment was 26 months (ranging from
6 to 54 months). All participants underwent neurological examination and nerve conduction studies of tibial, peroneal, sural, superficial peroneal,
median, and ulnar nerves by using surface recording bar and bipolar stimulating electrodes.

RESULTS: The mean superficial peroneal nerve distal latency and conduction velocity were significantly slower, and the mean superficial peroneal nerve
action potential amplitude was lower in patients using teriflunomide (2.50 ms, p<0.001; 47.35 m/s, p=0.030; and 11.05 pV, p<0.001, respectively).
The mean peroneal motor nerve distal latency was significantly longer and amplitude was lower in teriflunomide patients (3.68 ms, p<0.001, and 5.25
mV, p=0.009, respectively). During the study period, treatment switching to another disease-modifying therapy was planned in 10 patients, and all
neuropathic complaints were reversed after switching.

CONCLUSION: Teriflunomide has the potential to cause peripheral neuropathy. The awareness of peripheral neuropathy, questioning the symptoms,
and if suspected, evaluation with electromyography and switching the therapy in patients under teriflunomide treatment are crucial.
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INTRODUCTION aminotransferase, and alopecia (hair thinning). Furthermore,
Teriflunomide is the active metabolite of leflunomide that has peripheral neuropathy (both polyneuropathy and mononeu-
been used for treating rheumatoid arthritis and psoriatic arthri- ropathy) was also reported as a rare AE?. A previous study has
tis for years'. Teriflunomide is the second oral disease-mod- shown that the incidence of peripheral neuropathy is higher
ifying therapy (DMT) that was approved for the treatment (13 of 1002 patients) in patients under teriflunomide treat-
of adult patients with relapsing-remitting multiple sclerosis ment compared to the control group (1.4 and 0.4%, respec-
(MS) in 20122 It affects the metabolism of pyrimidines by tively). If peripheral neuropathy is suspected and confirmed
selectively and reversibly inhibiting dihydroorotate dehydro- as a consequence of teriflunomide treatment, discontinuation
genase, which is the rate-limiting mitochondrial enzyme for of teriflunomide is recommended®.
the de novo pyrimidine synthesis'. The restriction in pyrimi- People with MS could have co-occurring neuropathy, either
dine synthesis reduces the proliferation of activated T and B as a consequence of autoimmune mechanism other than the
cells, thereby controlling the inflammation in the central ner- autoimmunity causing MS or secondary to some other factors
vous system®. The effect of teriflunomide on inflammation is such as vitamin deficiency, malnutrition, immobilization, drug
not only through pyrimidine metabolism. Li et al. showed usage, systemic disease, and so on. Although MS is primarily
that teriflunomide considerably decreases the release of some thought to be a central demyelinating disease, some studies
pro-inflammatory cytokines [i.e., interleukin-6 (IL-6), IL-8, showed peripheral demyelinating neuropathies in MS patients®”.
and monocyte chemotactic protein-1] from peripheral blood Misawa et al. showed demyelinating features in 3 of 60 patients’
mononuclear cells and monocytes by a different mechanism nerve conduction studies (NCSs)”. The medications used to
other than dihydroorotate dehydrogenase-dependent pathway*. treat MS can also trigger the occurrence of peripheral neu-
The most common adverse events (AEs) reported in patients ropathy. Axonal or demyelinating neuropathy with interferon
receiving teriflunomide were diarrhea, nausea, increased alanine treatment has been reported in several studies®’. Diagnosing
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Neuropathy and teriflunomide

neuropathies may be difficult or sometimes under-diagnosed
as sensory and motor symptoms of MS can mimic or resem-
ble neuropathic complaints. Being aware of patients’ signs and
recognition are critical as some neuropathies are treatable and
preventable. Peripheral neuropathy is a rare AE of terifluno-
mide. In this study, we aimed to investigate the occurrence of
peripheral neuropathy in patients receiving teriflunomide with
objective NCSs.

METHODS

This cross-sectional study was conducted between January 2020
and 2021 at a tertiary referral hospital. Patients aged between
18 and 65 years with definite MS diagnosis according to the
McDonald criteria 2017, followed at our MS outpatient clinic,
as well as healthy appearing controls were recruited for the
study. Patients having a high degree of disability [Expanded
Disability Status Scale (EDSS) score higher than 5.5 or requir-
ing a walking aid to walk about 100 meters] or weakness and
history of a disease that can cause neuropathy (i.e., rheumatoid
arthritis, hypothyroidism, diabetes mellitus, systemic sclero-
sis, alcohol abuse, etc.) were excluded. Informed consent was
obtained from all the participants, and the study protocol was
approved by the local ethics committee, conforming to the eth-
ical guidelines of the 1975 Declaration of Helsinki (Decision
Number: 514/192/6). A total of 42 patients receiving teriflun-
omide (group 1), 18 patients receiving other DMTs (group 2),
and 25 controls were recruited for the study. The mean dura-
tion of teriflunomide treatment in group 1 was 26 months
(ranging from 6 to 54 months). After the neurological exam-
inations of the patient group, clinical information and demo-
graphic data, vitamin B12, fasting blood glucose, glycosylated
hemoglobin (hemoglobin Alc, HbA1c) levels were noted, and
EDSS scores were calculated. Demographic and clinical data
of the controls were also noted. Finally, the participants were
referred to the electromyography (EMG) laboratory for elec-
trodiagnostic evaluation.

We performed NCS using an EMG device (Nihon Kohden
Corporation Neuropack® X1) with surface recording bar and
bipolar stimulating electrodes. All participants underwent rou-
tine NCS of tibial and peroneal motor nerves, sural and super-
ficial peroneal sensory nerves in lower extremities, and motor
and sensory branches of median and ulnar nerves on non-domi-
nant side in upper extremities. Motor distal latency, conduction
velocities (CVs), compound muscle action potential (CMAP)
amplitudes and F-wave latencies of motor nerves, and sensory
CV and sensory nerve action potential (SNAP) amplitudes of
sensory nerves were measured. Sensory NCS were performed
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antidromically. Normative data for electrophysiological stud-
ies were compared to 25 healthy controls. For amplitude and
velocity, lower limits (5th percentile) were used and, for latency
parameters, upper limits (95th percentile) were used.

For statistical analysis, categorical variables were defined
using percentages and continuous variables using mean (stan-
dard deviation) (SD) or median and interquartile ranges. Chi-
square test was used for categorical variables. Student’s t-test or
analysis of variance (ANOVA) was used if normally distributed
for continuous variables, and Mann-Whitney U or Kruskal-
Wallis test was used if not normally distributed. The analyses
were performed using IBM SPSS, version 20 (Statistical Package
for Social Sciences, Chicago, IL).

RESULTS

DMTs other than teriflunomide were interferon beta-1a, glati-
ramer acetate, dimethyl fumarate, fingolimod, and ocrelizumab,
and two of the patients were followed up without receiving any
DMT. The age and EDSS values of the patients varied between
24 and 56 years and 0-5.5, respectively. There was no signif-
icant difference between these three groups in terms of gen-
der, age, vitamin B12 level, vitamin D level, fasting blood glu-
cose, and HbAlc value. A detailed analysis is given in Table 1.
The disease duration [mean (SD)] was 69.7 (48.2) months in
group 1 and 84.2 (44.5) months in group 2, and there was no
significant difference between groups (p=0.229). The median
EDSS value (minimum-maximum) of patients was 2 (0-5).
In group 1, neuropathic complaints described by patients
were as follows: seven patients had numbness, one patient had
allodynia, and one patient had burning sensation. With neu-
rological examination, hypoesthesia of gloves-socks type and
hyporeflexia were detected in nine patients. No patient from the
other two groups complained about having sensory symptoms.
Superficial peroneal SNAP amplitude could not be obtained
in one patient in group 1 and one control. The patient had
hypoesthesia of gloves-socks type. Carpal tunnel syndrome was
found in five patients in group 1, one patient in group 2, and
five controls. When patient groups and the controls were com-
pared according to sensory nerves (median, ulnar, sural, and
superficial peroneal), there was no statistical difference in the
analysis of median, ulnar, and sural sensory nerves. The mean
values of the superficial peroneal nerve assessment were sig-
nificantly different in all three groups. After post-hoc analysis,
the mean value of superficial peroneal nerve distal latency was
significantly longer in group 1 compared to group 2 and con-
trols, and it was also significantly longer in group 2 compared
to controls (2.50, 2.09, and 1.69 ms, respectively, p<0.001).
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The mean superficial peroneal SNAP amplitude was lower in
group 1 than in group 2 and controls (11.05, 15.61, and 19.45
WV, respectively, p<0.001). The mean superficial peroneal SNAP
amplitude was lower in group 2 than controls, but there was
no significant difference. The mean superficial peroneal nerve
CV value was significantly slower in group 1 than controls
(47. 35 and 58.70 m/s, respectively, p=0.030). The mean CV

of group 2 was slower than controls, but it was not significant.

When patient groups and the controls were compared
according to motor nerves (median, ulnar, tibial, and pero-
neal), only mean peroneal nerve distal latency and ampli-
tude were significantly different between the three groups.
With post-hoc analysis, the mean value of peroneal nerve
distal latency was significantly longer in group 1 compared
to group 2 and controls (p<0.001). The mean amplitude of
the peroneal nerve was significantly lower in group 1 than

controls (p=0.009) (Table 3).

A detailed analysis is given in Table 2.

Table 1. Demographic and clinical characteristics of the patient and control groups.

Number of participants
Gender (female/male) 35/7 15/3 19/6
Age 40.57 (9.60) 38.83(0.69) 40 (0.83) 0.799
Interferon beta-1a: 2
Medeston (s Glatiramer acetate: 1 Dimethyl
: Teriflunomide:42 fumarate: 6 Fingolimod:6
of patients) : .
Ocrelizumab: 1
None: 2

Vitamin B12 273 264.5 223 0.569
(pg/mL) (204-394) (185.75-351.25) (203-317.25) ’
Vitamin D 20.87 27.57 20 0218
(ng/mL) (14.63-34) (18.28-29.94) (13.88-23.30) ’
Fasting blood glucose 94.5 85.5 95 0.346
(mg/dL) (84.25-101) (83.25-109.5) (90-101.5) ’

5.30 5.10 5.15

0,

Flade ) (5.0-5.30) (4.7-5.50) (4.90-5.45) 027

Data are shown as mean (standard deviation) or median (interquartile intervals). pg/mL: picograms per milliliter; ng/mL: nanograms per milliliter; mg/dL:
milligrams per deciliter; HbA1c: hemoglobin A1C.

Table 2. Comparison of sensory nerve conduction results in the patient and control groups.

LL/UL of normal
Sensory nerve Parameter Group 1 Group 2 Control p-Value (5th or 95th
percentile)
Distal latency (ms) 2.46(0.31) 2.27(0.26) 2.42(0.23) 0.067 2.90
Median Amplitude (uV) 31.86(9.75) 37.81(10.96) 34.44(12.84) 0.159 16.59
Velocity (m/s) 53.38 (5.92) 53.89 (6.67) 53.88(5.80) 0.928 42.09
Distal latency (ms) 1.97(0.30) 1.88(0.21) 2.03(0.22) 0.299 252
Ulnar Amplitude (uV) 28.22 (14.09) 36.21(10.65) 32.38(12.29) 0.083 24.66
Velocity (m/s) 57.41(10.78) 61.35 (6.04) 58.26 (5.75) 0.275 47.06
Distal latency (ms) 2.44.(0.29) 2.48(0.48) 2.47(0.41) 0.890 3.53
Sural Amplitude (uV) 16.14 (4.99) 19.67 (8.05) 18.24 (6.81) 0.115 8.92
Velocity (m/s) 58.01 (6.66) 58.42(9.95) 57.42(8.72) 0.919 43.64
Superficial Distal latency (ms) 2.50(0.41)** 2.09 (0.29)* 1.69(0.30) <0.001 224
er[‘)oneal Amplitude (uV) 11.05 (6.11)** 15.61(6.49) 19.45(5.57) <0.001 12.49
P Velocity (m/s) 47.35(19.35)* 54.62 (15.36) 58.70(13.95) 0.030 48.2

Bold p-values are statistically significant. LL, lower limit (for amplitude and velocity); UL, upper limit (for latency parameters). *Data are expressed as mean (SD).
*p<0.05 compared with the control group. p<0.05 compared with group 2.
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Table 3. Comparison of motor nerve conduction results in the patient and control groups.

LL/UL of normal
Motor nerve Parameter Group 1 Group 2 Control p-Value (5th or 95th
percentile)
Distal latency (ms) 2.87(0.41) 2.77 (0.33) 2.96(0.48) 0.334 3.95
Median Amplitude (mV) 13.92(3.53) 14.83(3.46) 15.19 (4.00) 0.355 8.6
Velocity (m/s) 59.18 (5.75) 60.73(7.85) 59.83(4.95) 0.659 51.3
Minimum F-latency (ms) 24.07 (2.04) 23.69 (2.20) 24.12 (2.06) 0.790 27.7
Distal latency (ms) 2.14(0.48) 2.14(0.33) 2.19(0.34) 0.881 2.87
Ulnar Amplitude (mV) 14.32(4.22) 14.77 (3.71) 13.31(2.55) 0.396 9.2
Velocity (m/s) 62.68 (13.00) 67.40 (6.96) 63.26(8.01) 0.280 48.3
Distal latency (ms) 4.14(0.80) 3.88(0.93) 3.83(0.60) 0.226 478
Tibial Amplitude (mV) 11.04(3.86) 12.65(4.75) 12.55(4.01) 0.226 5.18
Velocity (m/s) 48.51(5.07) 50.97 (6.96) 49.32(5.37) 0.300 41.7
Minimum F-latency (ms) 45.10(3.79) 44.60 (4.48) 42.91(2.94) 0.077 50.7
Distal latency (ms) 3.68(0.59)* 2.95(0.57) 2.95(0.58) <0.001 433
Peroneal Amplitude (mV) 5.25(1.69)* 6.02 (2.08) 6.72 (1.90) 0.009 3.81
Velocity (m/s) 53.20 (5.00) 54.71(5.58) 55.68(5.12) 0.156 51.6

Bold p-values are statistically significant. LL, lower limit (for amplitude and velocity); UL, upper limit (for latency parameters).

*p<0.05 compared with the control group. *p<0.05 compared with group 2.

Superficial peroneal SNAP amplitude in 15 patients, super-
ficial peroneal sensory CV in 25 patients, and peroneal CMAP
amplitude in 11 patients were lower in group 1 (n=42) when
compared with controls (normative data). Furthermore, pero-
neal nerve distal latency in 37 patients and superficial pero-
neal nerve distal latency in 11 patients were longer in group
1 according to the normative data. When we classified the
patients according to the history of myelitis (n=24) or not
(n=67), regardless of groups, only mean peroneal nerve distal
latency was significantly higher in patients with myelitis than
in patients without myelitis (p=0.039).

During the study period, treatment switching was planned
in 10 patients (one patient for breakthrough disease activity
and nine patients for the development of neuropathic com-
plaints). Teriflunomide was switched to fingolimod (n=1),
dimethyl fumarate (n=6), or ocrelizumab (n=1). The treatment
could not be switched in two patients who did not come to

regular follow-up.

DISCUSSION

In this study, both axonal and demyelinating features were found
in sensory and motor NCS of patients receiving teriflunomide.
The mean superficial peroneal nerve distal latency was longer
and CV was slower, and the mean superficial peroneal nerve
SNAP amplitude was lower in patients receiving teriflunomide
in sensory NCS. The mean peroneal nerve distal latency was
longer, and CMAP amplitude was lower in patients receiving
teriflunomide in motor NCS.

4

*Dataare expressed as mean (SD).

The diagnosis of polyneuropathies in people with MS
is challenging due to the accompanying neurological com-
plaints related to brain and spinal cord lesions. It is import-
ant to distinguish whether neuropathic complaints are due to
MS pathology or as a result of a concomitant polyneuropathy.
In this instance, electrodiagnostic studies can be beneficial.
With the help of NCS, neuronal damage can be demonstrated
objectively in patients with suspicious neuropathy. Peripheral
neuropathy in MS could be divided into two categories as MS
with chronic inflammatory demyelinating polyradiculoneurop-
athy (MS-CIDEP, 21%) and MS with other non-inflammatory
polyneuropathies (mainly axonal, 79%)'°. MS CIDP may be
the coexistence of two different diseases; however, there are dif-
ferent opinions on this issue. MS-CIDP can be due to a sim-
ilar immunopathogenesis, common antigen between central
and peripheral nervous system, or a consequence of immuno-
modulatory treatment. The common antigens between central
and peripheral nervous systems could be myelin basic protein,
myelin-associated glycoprotein, or neurofascin''*?. Both axo-
nal and demyelinating polyneuropathies have been indicated
after interferon beta treatment in MS patients®’. In a study
conducted with relapse remitting MS patients, Gorgulu et al.
found demyelinating type changes in motor NCS'. We found
both axonal and demyelinating findings in sensory and motor
NCS in MS patients treated with teriflunomide. The findings
indicating demyelination were as follows: the mean value of
superficial peroneal nerve distal latency was significantly lon-
ger; the mean superficial peroneal nerve CV was significantly
slower; and peroneal nerve distal latency was significantly longer
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in group 1. None of the patients with demyelinating NCS
findings met the European Academy of Neurology/Peripheral
Nerve Society criteria for CIDP. The mean superficial pero-
neal sensory SNAP amplitude and the mean peroneal CMAP
amplitude were significantly lower in group 1, and these results
suggest axonal loss. We could not obtain superficial peroneal
SNAP amplitude in one patient in group 1 (indicating axonal
loss), and with the suspicion of neuropathy clinically, terifluno-
mide therapy was discontinued and switched to another DMT.
In this study, we observed abnormalities in NCS of peroneal
motor nerve and superficial peroneal sensory nerve; however, we
did not find any significant abnormality with the sural nerve.
The sural nerve forms from the terminal branches of the tibial
nerve and common peroneal nerve. Sumner showed that larg-
er-diameter myelinated fibers are more durable against neuro-
toxicity than smaller-diameter fibers. Furthermore, the areas
of compression sites increase the risk of neuronal damage as a
consequence of impaired blood nerve barrier'>. Among them,
fibular head is the most common area for common peroneal
nerve entrapment at the lower limbs'.

In our study, peroneal nerve distal latency was significantly
longer in patients with myelitis, but this could be affected by
the presence of central (spinal) lesions. Axons from the motor
neurons in the ventral gray matter of the spinal cord constitute
the motor roots and fibers in the peripheral nerves. Therefore,
any lesion of the primary motor neuron can result in degener-
ation of motor fibers throughout the peripheral nerve. By this
way, a spinal cord lesion can result in abnormalities on motor
NCSs. Additionally, F-wave responses could be longer in MS
patients'. In our study, we evaluated F-wave responses of tib-
ial and median motor nerves, but we could not find any sig-
nificant difference.

Our study had some limitations, of which small sample size
is the most important one. Another limitation is that patients
with spinal lesions were not excluded. We did not evaluate the
presence of plexopathy or radiculopathy that might affect NCS.
The strength of our study is that, to the best of our knowl-
edge, this is the first study in the literature investigating the
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