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Abstract

Background: Lipoic acid, an antioxidant, has beneficial effects in experimental acute optic neuritis and
autoimmune encephalomyelitis. Optical coherence tomography can detect retinal nerve fiber layer
thinning, representing axonal degeneration, approximately 3—6 months after acute optic neuritis.
Objective: To determine whether lipoic acid is neuroprotective in acute optic neuritis.

Methods: A single-center, double-blind, randomized, placebo controlled, 24-week trial. Intervention
included 6 weeks of once daily lipoic acid (1200 mg) or placebo within 14 days of acute optic neuritis
diagnosis. The primary outcome was the mean difference in affected eye retinal nerve fiber layer
(RNFL) thickness from baseline to 24 weeks.

Results: We enrolled 31 subjects (placebo n=16; lipoic acid n=15; average age 38.6 years
(standard deviation (SD) 10.3)). Affected eye mean global RNFL thickness (um) in the lipoic
acid group decreased from 108.47 (SD 26.11) at baseline to 79.31 (SD 19.26) at 24 weeks. The
affected eye RNFL in the placebo group decreased from 103.67 (SD 18.04) at baseline to 84.43
(SD 20.94) at 24 weeks. Unaffected eye RNFL thickness did not significantly change in either group
over 24 weeks.

Conclusion: Six weeks of oral lipoic acid supplementation after acute optic neuritis is safe and well
tolerated; however, because of insufficient recruitment, we could not conclude that lipoic acid treatment
was neuroprotective in acute optic neuritis.
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Introduction optic neuritis (EAON). The administration of oral

Acute optic neuritis (AON) is the most common
optic neuropathy in young adults." AON affects up
to 70% of people with multiple sclerosis (MS) over
the course of their disease, either as the first demy-
elinating event or as a relapse.” While corticoste-
roids accelerate AON recovery, neuroprotective
therapies for AON are lacking.>® Approximately
3—-6 months after AON, axonal degeneration of the
retinal nerve ganglion cells can be seen as thinning
of the retinal nerve fiber layer (RNFL) on optical
coherence tomography (OCT).'°

Lipoic acid (LA) is a neuroprotective antioxidant
in an animal model of AON, experimental acute

LA in EAON reduces immune cell infiltration and
axonal damage, and prevents motor disability
when compared with mice treated with vehicle.'!
In a recent pilot clinical trial, subjects with sec-
ondary progressive MS taking LA demonstrated a
68% reduction in annualized percentage brain
volume change, suggesting a neuroprotective
effect. LA was also noted to be safe and well
tolerated over the 2-year trial period.'> We con-
ducted a single center, double-blind, randomized,
placebo controlled, pilot study to explore the tol-
erability and potential benefits of oral LA treat-
ment for 6 weeks on visual outcomes in subjects
with AON.
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Methods

Design

This study was a single center, double-blind, ran-
domized, placebo controlled, 24-week long pilot
trial to determine the effects of oral LA on visual
outcomes in AON. Within 14 days of AON diagno-
sis, we randomly assigned subjects to receive LA
(1200 mg orally once a day) or placebo. Subjects
participated in the 6-week treatment protocol, fol-
lowed by an 18-week observation period. The pri-
mary outcome measure included the difference in
affected eye RNFL thickness from baseline to 24
weeks post-enrollment. The secondary outcomes
included the difference in affected eye RNFL thick-
ness from baseline to 12 weeks post-enrollment,
changes from baseline to 12 and 24 weeks in low
and high-contrast visual acuity, contrast sensitivity,
and visual fields. The Oregon Health and Science
University (OHSU) institutional review board
approved the study protocol. We obtained written
informed consent from all study participants and
registered the study at www.clinicaltrials.gov
(NCTO01294176).

Participants

We recruited subjects from the OHSU ophthalmol-
ogy clinics and through national advertisements by
the National MS Society. We included subjects
between 18 and 65 years of age with a diagnosis
of unilateral AON with visual symptoms (vision
loss) for 14 days or less.>'* Subjects had no previous
history of optic neuritis or optic disc pallor at base-
line in the affected eye. Subjects were determined to
have a normal brain magnetic resonance imaging
(MRI) scan or an abnormal brain MRI scan. We
defined an abnormal MRI scan as having demyelin-
ating brain lesions consistent with MS per the 2010
McDonald’s criteria. Subjects also had to be avail-
able for treatment initiation within 14 days of AON
diagnosis,”'* and were allowed to receive cortico-
steroids (oral or intravenously) prior to study
drug initiation.

We excluded subjects with other causes of visual
loss in the affected eye (e.g. amblyopia or glaucoma)
and acute papillitis, as OCT was non-evaluable at the
screening visit due to edema. In addition, we exclud-
ed subjects: (a) whose AON symptoms resolved
prior to administration of the study medication; (b)
who had fever or active infection at time of enroll-
ment; (c) who were pregnant or breast feeding; or (d)
who had diabetes mellitus or another significant

health problem (e.g. active coronary heart disease,
liver disease, significant pulmonary disease).

Procedure

Within 14 days of AON diagnosis, subjects returned
to OHSU to receive their 6-week supply of LA or
placebo. We collected data on the subjects’ clinical
outcomes including visual acuity, contrast sensitivi-
ty, color vision, visual fields, and Expanded
Disability Status Scale (EDSS). Subjects performed
the timed 25-foot walk, the 9-hole peg test, and OCT
imaging of both affected and unaffected eyes. At this
visit, we provided detailed instructions to subjects
regarding how to take the capsules. We called sub-
jects one week after study drug initiation to find out
if they had any questions. Two weeks after treatment
initiation, subjects returned to determine their toler-
ability and monitor for side effects. At this visit, the
study coordinator measured compliance by perform-
ing an accountability assessment of the remaining
4-week supply of the study drug. To ensure safety,
we drew 20 mL of blood for a complete blood count
with a differential and complete metabolic panel,
including a liver function test. We also performed
a urine dipstick for urinalysis and pregnancy test. At
the end of the 6-week treatment period, visit 3, we
performed the same blood safety labs and urine tests.
At 12 weeks and 24 weeks after visit 1, subjects
returned to OHSU for follow-up assessments as in
visit 1.

Outcomes

Validated questionnaires or objective measures
assessed study objectives. Descriptions of each out-
come are listed below.

Optical coherence tomography. A commercially
available optical coherence tomographer
(Heidelberg Engineering Spectralis OCT, version
1.6.4.0, Heidelberg Engineering, Vista, CA, USA)
obtained all quantitative measurements. The fast
RNFL thickness scan acquisition performed RNFL
analysis. This protocol acquires and compresses
three 3.4 mm diameter circular scans centered on
the optic disc into one scan. Each scan consists of
256 axial scans. We performed pharmacological
pupillary dilation with 1% tropicamide in all sub-
jects, and used an internal fixation. An expert oper-
ator took repeated measurements from the
photography department at the OHSU Casey Eye
Institute until three measurements were judged to
be of good quality. We calculated the mean value.
The average RNFL thickness (averaged for peripa-
pillary retina 360° around the optic disc) and thick-
ness values for each of the four quadrants (temporal,
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superior, nasal, inferior) were recorded from the
OCT printouts.

Contrast sensitivity. We used the Pelli-Robson
chart to test contrast sensitivity for each separate
eye. This chart consists of 16 groups of three upper-
case letters, and it captures the minimum contrast
level at which patients can perceive letters of a
single large size (1 m).

Visual acuity. We used the Snellen acuity chart to
evaluate visual acuity for each eye, separately. We
recorded the best-corrected visual acuity for
each eye.

Visual fields. We performed the Humphrey field
analyzer (Swedish Interactive Threshold Algorithm
24-2 threshold program) to assess visual fields. We
then recorded the mean deviation in decibels for
each eye.

Color vision. AO H-R-R (Hardy—Rand-Ritter)
pseudo-isochromatic plates evaluated color vision
by a common, comprehensive and rapid test of
color vision.

Expanded Disability Status Scale. The EDSS' is a
standardized scale for assessing overall neurological
impairment. It is based on seven functional status
scales (mental status, vision, brainstem, pyramidal,
cerebellar, sensory, and bladder and bowel) and on
the patient’s ambulatory status.

Timed 25-foot walk (a measure of ambulation) and
9-hole peg test (a measure of upper extremity
function). These two tests'> are common objective
measures of disability in MS studies to evaluate the
treatment effect on disability.

Sample size and statistical analysis

Sample size. Power analysis indicated that 27 sub-
jects in each arm (before 20% dropout) were needed
to detect a 23.2 micrometer difference in the
24-week change in RNFL between the two groups
with a power of 80% and an alpha of 0.05.

Statistical analysis. We used linear mixed models to
determine whether subjects with AON who received
LA have less permanent optic nerve injury than the
placebo. Models accounted for the multiple meas-
ures over time with random intercepts. We per-
formed the same analysis for all outcomes: global
RNFL thickness, temporal superior quadrant,

temporal quadrant, temporal inferior quadrant,
nasal inferior quadrant, and nasal quadrant. Model
covariates included group, time, MS diagnosis (yes/
no), and MRI results (normal MRI vs. abnormal
MRI). We used SAS version 9.4 (Cary, NC, USA)
to perform all analysis.

Results

We enrolled subjects beginning in November 2011
and the last subject completed the study in
November 2016. We did not achieve enrollment
goals because of difficulty with subject recruitment.
We recruited and randomly assiged 31 subjects, 16
to the placebo and 15 to the LA group, respectively.
Four subjects were lost to follow-up (placebo n =2;
LA n=2). The remaining subjects completed the
study (although three subjects missed the week 12
assessment in the LA group). We describe the sub-
ject disposition details in Figure 1.

Table 1 describes the comparable baseline character-
istics of subjects in the two groups. An abnormal
MRI scan was present in 69% of the placebo and
73% of the LA group subjects. At baseline, 50% of
the placebo and 53% of the LA group subjects had
confirmed MS diagnosis. Forty-four percent of the
placebo group and 40% of the LA group subjects
received steroid treatment (3 days of intravenous
methylprednisolone at a dose of 1 g daily) after
AON diagnosis.

Global thickness

The mean global RNFL thickness (um) in the pla-
cebo group affected eye was 103.67 at baseline
(standard deviation (SD) 18.04), 89.43 at 12 weeks

Subjects Screened
N=79

I

Subjects Randomized

| Placebo Group | Lipoic Acid Group
N=16

N=15
L—»| Loss to follow-up (N=2) | —»] Loss to follow-up (N=1) |

3 ¥
I Intent to treat analysis Intent to treat analysis
N =14

N=14

|| Loss to follow-up (N=1)
Missing week 12 {N=3)

\

Completed Full 24 Weeks Completed Full 24 Weeks
N=14 N=10

Figure 1. Subject disposition.
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Table 1. Baseline demographics of study participants.

Table 2. Global RNFL thickness change between baseline, week 12, and week 24.

(SD 17.1), and 84.43 at 24 weeks (SD 20.94),
respectively. The mean global RNFL thickness
(um) in the placebo group unaffected eye was
96.93 at baseline (SD 11.9), 96.00 at 12 weeks
(SD 15.21), and 94.57 at 24 weeks (SD 16.37),
respectively. The mean global RNFL thickness
(um) of the LA group affected eye was 108.47 at
baseline (SD 26.11), 90.91 at 12 weeks (SD 23.02),
and 79.31 at 24 weeks, respectively. The mean
global RNFL thickness (um) of the LA group unaf-
fected eye was 96.40 (SD 8.3) at baseline, 96.27 at
12 weeks (SD 8.83), and 96.85 at 24 weeks (SD
9.30), respectively (Table 2, Figure 2).

We first tested for a three-way interaction of group,
week, and MS diagnosis, which was not significant
(x*=0.80, P=0.67). In three subsequent models,

we tested for interactions of week by group
(Y*=142, P=0.50), week by MS diagnosis
(x> =1.46, P=0.49), and group by MS (x*=0.36,
P =0.55). As none were significant, we retained
only main effects in the final analytical model as
shown in Table 3. Global RNFL thickness did not
differ by group (x*>=0.06, P =0.80), MS diagnosis
(x*=0.55, P=0.46), or MRI result (y>=1.88,
P =0.18). Global RNFL thickness decreased signif-
icantly over time (%> =29.8, P <0.001); the differ-
ence between thickness at baseline and 12 weeks
was 15.88 um (x> =11.6, P=0.001), and the differ-
ence between baseline and 24 weeks was 24.46 pm
(x> =28.9, P<0.0001). Post-hoc assessment found
the thinning of global RNFL adequately powered at
both 12 weeks and 24 weeks at greater than 99%
achieved power. The remaining covariates were

N
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Figure 2. Changes in affected and unaffected eye global retinal nerve fiber layer thickness over time.

Table 3. Results from linear mixed model for global RNFL thickness.

observed to have minimal power to detect significant
effect with none reaching more than 45% power.
Predicted values of global RNFL thickness over
time by group are given in Figure 3. There was no
change in visual acuity.

Additional outcomes

The same analysis was performed with all outcomes
measured, including low and high-contrast visual
acuity, contrast sensitivity, and visual fields. There
were no interactions and no differences by group,
MS diagnosis, or MRI result. All outcomes signifi-
cantly decreased over time. At the 24-week visit, we
reviewed the diagnosis of subjects determined to
have non-MS AON at baseline (Figure 4). Out of
the 16 subjects with non-MS AON, two subjects

were diagnosed with neuromyeltitis optica (NMO)
and 10 subjects were still categorized as idiopathic
AON at week 24.

Safety
LA was safe and generally well tolerated. See Table
4 for a list of adverse events.

Discussion

In this prospective, randomized, placebo controlled
clinical trial, 6 weeks of 1200 mg once daily oral
LA, while safe, showed no effect on global RNFL
thickness between baseline and 24 weeks in the
affected eye after AON. The study, unfortunately,
did not meet its enrollment goal and was therefore
underpowered with no hint of effect. We, therefore,

Treatment
=== Lipoic Acid (n=15)
== Placebo (n=16)
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Predicted Global RNFL Thickness
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Figure 3. Predicted global retinal nerve fiber layer thickness.

Subjects Randomized
N =31
MS dx at baseline Non MS dx at baseline
N=15 N=16
Diagnosis at study exit
at 24 weeks
1
4 I L 1

MSICIS NMO Idiopathic Missing
N=3 N=2 N=10 info N= 1

Figure 4. Diagnosis: outcome of study subjects as of
month 6 visit.

cannot conclude that 6 weeks of LA treatment is
effective or ineffective as a neuroprotective agent
in AON.

Pre-clinical studies in EAON show a significant
reduction in axonal injury with LA treatment, but
our study was unable to show similar outcomes in
human subjects with AON.'" This observed disso-
nance between treatment efficacy in animal models
and human subjects continues to be an intriguing
challenge in neuroimmunology, and could be sec-
ondary to subtle differences in pathology.
Moreover, neuroprotective agents in the brain may
not have the same effect in the optic nerve. Limited
clinical trial data suggest that LA may slow brain
atrophy in progressive MS,'? but in this study RNFL
did not correlate with whole-brain atrophy and did
not change significantly with LA treatment.'*'®

Many pharmacological agents including high-dose
steroids,"? erythropoietin,'” phenytoin'® and opinici-
numab'® failed to impact visual or clinical outcomes
after AON in controlled clinical trials. These collec-
tive negative results in AON may suggest a differ-
ential capacity of the neuroprotective potential of the
brain and optic nerve.

Our study has several limitations. Notably, we failed
to reach our enrollment target, and the study was
therefore underpowered with no hint of effect.
There were several challenges in study recruitment
including exclusion of subjects treated with steroids
(earlier in the trial) and exclusion of patients with
optic nerve edema. During the study design, we
hypothesized that 6 weeks of LA treatment would
reduce inflammation and promote neuroprotection in
AON. This treatment duration was chosen to mirror
the 4-6 week period of acute lesional inflammation
in MS and AON. In addition, animal models of AON
showed LA was neuroprotective as remotely as 26
days post-immunization.'"**?! It is possible that a
6-week treatment duration was insufficient. The
study results, unfortunately, were not sufficiently
powered to prove or disprove our hypothesis. In
addition, it is plausible that our treatment initiation
window of 14 days after AON diagnosis missed the
narrow therapeutic window to ameliorate optic nerve
damage. Experts suggest that within 2 weeks of
AON onset, the optic nerve axons undergo irrevers-
ible damage, which leads to poor visual outcomes.'
Out of the 16 subjects diagnosed with non-MS AON
at baseline, two subjects were diagnosed with NMO
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Table 4. Adverse events.

and 10 subjects had idiopathic AON diagnosis. It is
also plausible that heterogeneity of the study sub-
jects impacted the treatment effect of LA for
AON; however, the presence or absence of NMO
subjects in the analysis did not change the study
outcomes. The inclusion of AON subjects up to the
age of 65 years is also a potential limitation. AON is
less likely in patients over the age of 50 years, and
other inflammatory and ischemic insults to the optic
nerve are more common with advancing age.
However, only five participants were over the age
of 50 years, and four of these subjects had an abnor-
mal MRI scan consistent with demyelinating brain
lesions. Therefore, with our careful screening of
AON subjects and supportive evidence of demyelin-
ation on imaging, potential mimics are unlikely.
Finally, it is possible that a longer trial period and
the inclusion of ganglion cell loss analysis could
have reduced the potential confounding effects of
edema.?” Future studies could consider adjusting
the trial duration or including ganglion cell loss as
an outcome measure to overcome this limitation.

In summary, this study shows that most of the RNFL
loss after AON occurs within the first 12 weeks, and
that 6 weeks of LA treatment did not change the
course of AON. While LA did not appear to modify
optic nerve atrophy in this underpowered trial, this
study adds to our understanding of AON evolution
over time. It is possible that a longer treatment dura-
tion is needed to achieve neuroprotection with LA in
AON, or that the therapeutic window for LA is shorter
than 14 days post-diagnosis. This study suggests that
while 6 weeks of oral LA is safe, more research is
needed to elucidate the efficacy of LA in AON.
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