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ABSTRACT

Introduction: This study aimed to evaluate
whether treatment with fingolimod (FTY) may
induce functional changes on the macular pre-
ganglionic retinal elements in patients affected
by relapsing-remitting multiple sclerosis (RR-
MS) without optic neuritis (ON).

Methods: This case-control observational and
retrospective study assessed multifocal elec-
troretinogram (mfERG) responses from 35
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healthy controls (mean age 43.58 + 5.76 years),
41 patients with RR-MS without ON (mean age
40.64 £ 4.83 years, MS-noFTY group), and from
21 patients with RR-MS without ON (mean age
42.38 £ 12.34 years) and treated with fin-
golimod (Gilenya®, Novartis Europharm,
0.5 mg/day) (MS-FTY group). MfERG N1 and P1
implicit times (ITs), and N1-P1 response
amplitude densities (RADs) were measured from
concentric rings (R) with increasing foveal
eccentricity: 0-5° (R1), 5-10° (R2), 10-15° (R3),
15-20° (R4), 20-25° (RS). We considered R1 and
R2 as “central macular areas” and R3, R4 and R5
as “more eccentric retinal areas”. In the MS-FTY
group, mfERG recordings were performed
between 6 and 12 months (mean
7.2 + 1.5 months) from the start of FTY.
Results: In the MS-FTY group, the mean values
of mfERG N1 and P1 ITs and RADs detected in
both central macular areas (R1 and R2) and in
more eccentric retinal areas (R3, R4 and RS5)
were not significantly different (p > 0.01) with
respect to those of control and MS-noFTY
groups.

Conclusions: Our mfERG results suggest that
the chronic use of FTY does not induce a dys-
function of pre-ganglionic retinal elements
located in the 0-25° of central retina. Since FTY
does not cause any retinal functional abnor-
mality, we suggest that FTY treatment could not
produce any toxic effect on pre-ganglionic
retinal elements even in the absence of macular
oedema.
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Why carry out this study?

Fingolimod is an orally administered drug
used for the treatment of multiple
sclerosis through its immunomodulating
mechanism by binding sphingosine-1-
phosphate receptors on lymphocytes.

The effects of fingolimod on the
sphingosine-1-phosphate receptors of the
retina are not well understood.

This work aimed to study the function of
the pre-ganglionic elements, located on
the 0-25° of the central retina, by
multifocal electroretinogram recordings,
in patients affected by multiple sclerosis
treated with fingolimod, in order to
investigate the potential treatment-
related retinal dysfunction.

What was learned from the study?

In patients with multiple sclerosis treated
with fingolimod, normal function of pre-
ganglionic elements was observed, thus
suggesting that the long-term
administration of fingolimod does not
functionally affect photoreceptors and
bipolar cells.

Multifocal electroretinogram is a useful
tool able to investigate the potential
treatment-related retinal toxicity, adding
information to the common optical
coherence tomography evaluation done
during fingolimod administration in
patients with multiple sclerosis.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14270042.

INTRODUCTION

Fingolimod (FTY) is the first orally administered
drug approved in 2010 by the US Food and Drug
Administration for the treatment of relaps-
ing-remitting multiple sclerosis (RR-MS) [1].

Several clinical trials demonstrated the effi-
cacy of FTY in reducing the frequency of relap-
ses and the disability progression in patients
with MS when compared to placebo [2, 3]. Its
beneficial therapeutic effect in MS is due to the
capacity of sequestrating lymphocytes into
lymph nodes by binding to the sphingosine-1-
phosphate (S1P) receptors [4, 5]. These receptors
are expressed not only by lymphocytes but also
by many other non-immune cells and they play
an important role in the physiology of the car-
diovascular and nervous systems and of the eye
[6, 7]. Therefore, it is not surprisingly that these
organs represent privileged sites of potential
drug adverse effects [5].

In the eye the most frequent adverse effect is
the so-called fingolimod-associated macular
oedema (FAME), although several other adverse
effects have been reported [8-12]. Incidence of
FAME ranges from 0 to 2.08%; it occurs mainly
during the first 3-4 months of therapy [13] and
resolves spontaneously in the majority of
patients after cessation of treatment. Oral
administration of acetazolamide [14], non-ster-
oidal anti-inflammatory drops [15] and intrav-
itreal injection of steroid [16] have been also
successfully used to treat macular oedema
avoiding discontinuation of FTY [15-17].

In the retina, S1P receptor acts on endothe-
lial cells to regulate barrier integrity, vascular
permeability and tissue perfusion [18]; thus,
FTY treatment may induce the downregulation
of adhesion complexes and subsequently
increase retinal vascular permeability. This may
result in FAME as well as other similar vascular
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retinopathies [5, 19, 20] frequently associated
with visual impairment. The most sensitive
technique for detecting these abnormalities is
optical coherence tomography (OCT) [S].
However, more recently, Ziccardi et al. [20] also
used OCT angiography (OCTA), to investigate
choriocapillaris integrity in a patient with MS
treated with FTY and affected by relapsed cen-
tral serous chorioretinopathy (CSCR). Ziccardi
et al.’s [20] findings suggested that during FTY
treatment, transitory choroidal hyperperme-
ability with no permanent ischaemic changes
occurs, and therefore drug discontinuation can
be avoided.

Although the chronic use of FTY induces
imbalances of the homeostasis of vascular per-
meability [21, 22], it could be interesting to
study also the macular function of treated
patients in the absence of morphological
abnormalities (detected by OCT evaluation), to
reveal possible toxic macular effects, as already
described for different prolonged treatments
(see hydroxychloroquine, tamoxifen, ethamb-
utol) [23, 24].

Multifocal electroretinogram (mfERG) is
considered the main tool able to objectively
assess macular function [25], since it provides a
topographical map of bioelectric responses
derived from localized retinal areas, which are
driven largely by the cone-related pre-gan-
glionic retinal components. A ‘kernel analysis’
applied to mfERG responses can be used to
assess nonlinear functions of the visual system
mainly originating from selected population of
pre-ganglionic (photoreceptors and bipolar
cells) elements [26, 27]. Recently [28], it was
reported that in patients with RR-MS, in the
absence of optic neuritis (ON) or when after an
episode of ON a complete recovery of visual
acuity is reached, there is an absence of cone-
related pre-ganglionic component dysfunction
and this was detectable by mfERG responses
that were not significantly different when
compared to normal control ones.

The aim of the present study was to evaluate
the function of cone-related pre-ganglionic
components located in the macular area (0-10
central retinal degrees) and also in more
eccentric retinal areas with respect to the fovea
(10-25 central retinal degrees) by mfERG

recordings in patients affected by RR-MS and
chronically treated with FTY without ON. Our
data can provide information on whether the
treatment with FTY could produce toxic effects
on pre-ganglionic retinal elements inducing a
possible dysfunctional condition also in the
absence of macular oedema detectable by OCT
evaluation.

METHODS

Participants

In this observational retrospective study, 21
patients with RR-MS (mean age
42.38 £ 12.34 years, 14 women and 7 men, MS-
FTY group) were selected from a bigger cohort of
95 patients referred by the MS Clinical and
Research Unit of the University of Tor Vergata
of Rome for a periodic ophthalmic evaluation
and macular screening for management of FTY
treatment. Patients underwent a complete
ophthalmological evaluation at the Visual
Neurophysiology and Neurophthalmology
Research Unit, IRCCS Fondazione Bietti,
between September 2018 and December 2020.

These patients were selected on the basis of
the following inclusion criteria:

1. Diagnosis of RR-MS according to validated
2017 Thompson criteria [29]

2. Continuative treatment with FTY for a
period between 8 and 12 months

3. High-contrast best-corrected visual acuity
(BCVA) of 0.0 (mean 0.0 £+ 0.0 logMAR)

4. Refractive error (when present) between —

3.000 and + 3.000 spherical equivalent

Intraocular pressure less than 18 mmHg

6. Absence of history of unilateral or bilateral
ON (i.e. painless reduction of BCVA, con-
trast sensitivity, colour vision and any type
of visual field defects)

7. Absence of previous and present signs of
morphological macular abnormalities stud-
ied by OCT scans (i.e. FAME, CSCR, inflam-
matory macular oedema) and any retinal
diseases interfering with macular function

8. Absence of history of drug intake that can
interfere with normal macula function

@)
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Excluded from the present study were all
patients with history of cystoid macular
oedema, glaucoma, uveitis or other systemic
diseases that may influence the retinal function.

On the basis of the aforementioned inclu-
sion and exclusion criteria, we selected 35 MS-
FTY eyes, 24 eyes from 12 patients (both eyes
included) and nine eyes from nine patients (one
eye included).

A group of selected 41 age-matched RR-MS
eyes of 41 patients (mean age
40.64 + 4.83 years, 26 women and 15 men)
subject to the same inclusion and exclusion
mentioned criteria used for the MS-FTY group,
but not treated with FTY were also considered
(MS-noFTY group).

A group of selected 35 age-matched healthy
subjects (mean age 43.58 £ 5.76years, 20
women and 15 men), providing 35 healthy
eyes, with BCVA of 0.0logMAR (mean
0.0 £ 0.0), served as controls (C).

In all patients with MS and controls, the
BCVA evaluation, the macular OCT study and
the mfERG recordings were assessed in the same
session during the same day of the
examination.

In patients of the MS-FTY group, all evalua-
tions were performed between 6 and 12 months
(mean 7.20 + 1.50 months) from the start of
FTY (Gilenya®, Novartis Europharm, tablet
containing 0.5 mg of fingolimod/day).

All procedures performed in this study were
in accordance with the ethical standards of the
institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical
standards. The study was approved by the local
ethics committee (Comitato Etico Centrale
IRCCS Lazio, Sezione IFO/Fondazione Bietti,
Rome, Italy). Informed consent was obtained
from all individual participants included in the
study.

Multifocal Electroretinogram Recording

The mfERG was recorded by using a modified
version of the Espion system (Diagnosys UK Ltd;
Histon, Cambridge, UK) following the 2011
International Society for Clinical

Electrophysiology of Vision (ISCEV) standards
[25] and by using the same previously published
method [28].

Briefly, the multifocal stimulus, consisting of
61 scaled hexagons, was displayed on a high-
resolution, black-and-white 32”7 LCD monitor
with a frame rate of 75 Hz. The array of hexa-
gons subtended 50° of visual field (25° radius
from the fixation point to the edge of the dis-
play). Each hexagon was independently alter-
nated between black (1cd/m? and white
(200 cd/m?) according to a binary m-sequence.
This resulted in a contrast of 99%. The lumi-
nance of the monitor screen and the central
fixation cross (used as target) was 100 cd/m?.
The visual stimulation was performed by cor-
recting BCVA for the distance of the visual
stimuli. The m-sequence had 2'*7!elements,
and total recording time was approximately
8 min, divided into 16 segments. Between seg-
ments, the subject was allowed to rest for a few
seconds. Focusing lenses were used when nec-
essary. To maintain a stable fixation, a small red
cross target (0.5°) was placed in the centre of the
stimulation field. For every mfERG, the subject
reported that they could clearly perceive the
fixation target. The eye’s position was continu-
ously monitored by an in-built video system to
track fixation losses.

MIERGs were binocularly recorded in the
presence of pupils that were maximally phar-
macologically dilated with 1% tropicamide to a
diameter of 7-8 mm. Pupil diameter was mea-
sured by an observer (LB) by means of a mil-
limetre ruler and a magnifying lens and stored
for each tested eye. The cornea was anaes-
thetized with benoxinate eye drops 0.4%.
MIERGs were recorded between an active Daw-
son-Trick-Litzkow (DTL) contact electrode and
a reference electrode (Ag/AgCl skin electrode
placed on the correspondent outer canthi). A
small Ag/AgCl skin ground electrode was placed
at the centre of the forehead. Interelectrode
resistance was less than 3 kQ.

After automatic rejection of artefacts and
post-acquisition processing done by the in-built
Espion software, the first-order kernel response
was examined. MfERG responses with a signal
to noise > 3 were accepted for the analysis.
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In the analysis of mfERG responses, we con-
sidered, for each obtained averaged response,
the implicit times (ITs) of the first negative peak
(N1) and the first positive peak (P1) measured in
milliseconds and the N1-P1 peak-to-peak
response amplitude density (RAD) measured in
nanovolt/degree?.

We considered the averaged response
obtained from five concentric annular retinal
areas (rings) centred on the fovea: 0-5° (ring 1,
R1), 5-10° (ring2, R2), 10-15° (ring 3, R3),
15-20° (ring 4, R4) and 20-25° (ring 5, RS). We
considered R1 and R2 as “central macular areas”
and R3, R4 and RS as “more eccentric retinal
areas”.

Statistical Analysis

The number of subjects analysed in this study
was derived from mfERG data previously
acquired and used [29]. Therefore, considering
the mean R1 amplitude value of mfERG
descriptive statistic equal to 50.1 nV/degree?,
standard deviation (SD) = 8.3 nV/degree® for
controls, mean R1 amplitude equal to 41.0 nV/
degree?, SD = 10.4 nV/degree” for each patient
group, we obtained 35 observations in both
groups with « = 0.01 and power = 0.90.

The differences of mfERG N1 and P1 IT and
N1-P1 RAD mean values from each ring on the
retinal map (from ring 1 to ring 5), between
controls, MS-noFTY and MS-FTY groups, were
analysed by one-way analysis of variance
(ANOVA). P values lower than 0.01 were con-
sidered as statistically significant, corrected for
multiple comparison (N = 3, p = 0.05/N) using
the Bonferroni test.

Minitab 17 (version 1) software was used for
statistical analysis.

RESULTS

Figure 1 presents representative mfERG aver-
aged traces obtained in eyes from a control, a
MS-FTY and a MS-noFTY patient by using ring
analysis.

Table 1 reports the mfERG N1 and P1 IT and
N1-P1 RAD mean values from each ring (R1 to

R5) recorded in control, MS-FTY and MS-noFTY
groups and relative statistics between groups.

Evaluation of Central Macular Areas
(0-10°)

When the mfERG responses obtained in rings 1
and 2 are considered, in the MS-FTY group, N1-
IT, P1-IT and RAD values were not significantly
different when compared with those of the
control group [f (1,69); p > 0.01] and those of
the MS-noFTY group [f (1,75); p > 0.01].

Evaluation of More Eccentric Retinal Areas
(10-25°)

When the mfERG responses obtained in rings 3,
4 and 5 are considered, N1-IT, P1-IT and RAD
values detected in the MS-FTY group were not
significantly different when compared with
those of the control group [f (1,69); p > 0.01]
and those of the MS-noFTY group [f (1,75);
p > 0.01].

DISCUSSION

The aim of the present study was to evaluate the
function of the pre-ganglionic elements (pho-
toreceptors and bipolar cells), located in the
central retina, by mfERG in patients affected by
RR-MS and chronically treated with FTY, to
verify possible drug toxicity. To compare data
between homogenous groups, we studied also
eyes from patients with MS not treated with FTY
and from age-matched healthy controls.

On the basis of our recent findings [28],
patients with MS with ON and poor recovery of
BCVA as well as with FAME and with any other
retina and systemic conditions that are known
to affect macular function were excluded.
Indeed, on the basis of the possibility that
macular function may be affected by the event
of ON, in a recent work we reported that MS
eyes with ON and poor recovery of BCVA
showed reduced mfERG RADs in ring 1 [29]. By
contrast, other studies [29, 30] in patients with
MS with or without history of ON and full
recovery of BCVA reported the absence of
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Fig. 1 Multifocal electroretinogram (mfERG) averaged
traces obtained in eyes from a control patient (#7), a
patient with multiple sclerosis treated with fingolimod
(MS-FTY#5), and a patient not treated with fingolimod
(MS-noFTY#9) by using ring analysis. The averaged values
of N1 and P1 implicit times (IT, measured in millisec-
onds) and of N1-P1 response amplitude density (RAD,

mfERG abnormalities detectable on the central
fovea and on more eccentric retinal areas with
respect to the fovea. All this is relevant for the
possibility to detect true variations of mfERG
parameters in the MS-FTY cohort of the present
work. On the basis of the possibility that FAME
also could induce mfERG abnormalities leading
to bias for our data, we also excluded patients
with exudative maculopathies, such as subjects
with diabetes [31] or patients with retinal vein
occlusion [32] that have been reported to show
reduced amplitudes and/or implicit time delay
of mfERG.

By comparing the values of mfERG parame-
ters between the studied groups, we found non-
statistically significant differences in function of
both central macular area (0-10 central degrees)
and more eccentric retinal areas (10-25°) in MS-
FTY eyes when compared to MS-noFTY and
control groups. This suggests that by means of
an objective method (MfERG recordings) we
were able to identify that retinal pre-ganglionic

measured in nanovolt/degree”) were obtained from five
concentric annular retinal regions (rings) centred on the
fovea: 0-5° (ring1, R1), 5-10° (ring 2, R2), 10-15°
(ring 3, R3), 15-20° (ring 4, R4) and 20-25° (ring 5, RS).
On the left, the topographical map of scaled hexagons
covering 25° of mfERG ring analysis is shown

elements are not functionally impaired by FTY
treatment, even when macular oedema is not
clinically detectable (by ophthalmoscopy or
OCT evaluation).

Therefore, we objectively excluded potential
retinal damage of photoreceptors and bipolar
cells induced by FTY in patients with MS. The
presence of a normal retinal function in MS-FTY
eyes may exclude toxic damage on retinal cells.
On the contrary, other treatments (such as
chloroquine and hydroxychloroquine [23, 24])
are known to impair retinal pigmented epithe-
lium and secondarily photoreceptors, with a
risk of toxicity dependent on the dose and on
the duration of intake. Indeed, to reveal the risk
of toxic maculopathy induced by these sub-
stances, mfERG remains the gold standard in
clinical settings [24].

To our knowledge, the hypothesis that FTY
might have a protective role in the retina [33]
should be also considered. In fact, it is known
that the use of substances that modulate S1P
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signalling, such as FTY, preserves neuronal via-
bility and retinal function [33, 34]. In the ani-
mal retina, S1P induces the proliferation and
later differentiation of retinal progenitors into
photoreceptors and mediates photoreceptor
survival upon oxidative damage [35]. Sphin-
golipids are known to modulate the function-
ality of multiple cell types present in the retina,
and the dysregulation of their metabolism may
contribute to the onset and progression of reti-
nal diseases [33, 34]. In particular, ceramide, the
core lipid of sphingolipid metabolism, is a key
factor in apoptotic cell death, and its increased
levels are associated with death of photorecep-
tors and retinal pigment epithelium cells [36].
Indeed, studies in animal models described that
FTY inhibits ceramide synthase and blocks de
novo ceramide production, suggesting that FTY
effectively prevents ceramide increase in the
retina, protects photoreceptors from apoptosis
and delays retinal degeneration [37, 38]. In the
end, S1P receptors play more than one role: on
the one hand, they prevent degeneration of
photoreceptors and ganglion cells [33-35], and
on the other hand, since they are highly
expressed on endothelial cells, they are impli-
cated in the regulation of the wvascular
endothelial barrier and in the intercellular
junctions [39, 40].

In addition, since it is known that photore-
ceptors are mainly supplied by nutrients trans-
ported through the fenestrations of the
choriocapillaris [41], it is likely that these retinal
elements are not functionally influenced by the
vascular S1P-mediated homoeostasis, which is
more relevant at the level of the retinal vessels
localized between the ganglion cell and inner
nuclear layers.

CONCLUSION

Since mfERG recording represents an objective
method to investigate the function of pre-gan-
glionic elements, its use, combined to OCT
evaluation, may provide reliable information
about the morpho-functional condition of the
central retina during FTY treatment.

Our mfERG results suggest that the chronic
use of FTY does not interfere with the regular

function of photoreceptors and bipolar cells,
which are localized between the choriocapillaris
and the retinal deep capillary plexus. Therefore,
we assume that neither indirect damage nor
lack of nutritional vascular supply to photore-
ceptors and bipolar cells is present in the course
of FTY treatment. All this led us to believe that
the treatment with FTY should not produce
toxic effects on pre-ganglionic retinal elements,
as it does not induce any dysfunction also in the
absence of macular oedema, detectable by OCT
evaluation.

Nevertheless, a limitation of this work is that
the observations were made in patients with MS
within an interval of 6-12 months (mean
7.20 =+ 1.50 months) from the treatment start.
Therefore our data should be confirmed using a
longer follow-up time to investigate potential
long-term dysfunctional effects of FTY on pre-
ganglionic retinal elements.

Further studies are needed to investigate the
correlations between retinal vasculature fea-
tures (by OCT-A) and retinal function (by
mfERG) in MS-FTY patients, to explore the
hypothesis of a potential protective role of FTY
in retinal degeneration [37, 38].
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