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IMPORTANCE Intravenous (IV) administration of corticosteroids is the standard of care in the
treatment of acute optic neuritis. However, it is uncertain whether a bioequivalent dose of
corticosteroid administered orally, which may be more cost-efficient and convenient for
patients, is as effective as IV administration in the treatment of acute optic neuritis.

OBJECTIVE To determine whether recovery of vision following treatment of acute optic
neuritis with a high-dose IV corticosteroid is superior to that with a bioequivalent dose of an
oral corticosteroid.

DESIGN, SETTING, AND PARTICIPANTS This single-blind (participants unblinded) randomized
clinical trial with 6-month follow-up was conducted at a single tertiary care center in London,
Ontario, Canada. Participants were enrolled from March 2012 to May 2015, with the last
participant’s final visit occurring November 2015. Patients 18 to 64 years of age presenting
within 14 days of acute optic neuritis onset, without any recovery at time of randomization
and without history of optic neuritis in the same eye, were screened. Inclusion criteria
included best-corrected visual acuity (BCVA) of 20/40 or worse and corticosteroids deemed
required by treating physician. In total, 89 participants were screened; 64 were eligible, but
9 declined to participate. Thus, 55 participants were enrolled and randomized. Primary
analysis was unadjusted and according to the intention-to-treat principle.

INTERVENTIONS Participants were randomized 1:1 to the IV methylprednisolone sodium
succinate (1000-mg) or oral prednisone (1250-mg) group.

MAIN OUTCOMES AND MEASURES Primary outcome was recovery of the latency of the P100
component of the visual evoked potential at 6 months. Secondary outcomes were the P100
latency at 1 month and BCVA as assessed with Early Treatment Diabetic Retinopathy Study
letter scores on the alphabet chart and scores on low-contrast letters at 1and 6 months.

RESULTS Of 55 randomized participants, the final analyzed cohort comprised 23 participants
in the IV and 22 in the oral treatment groups. The mean (SD) age of the cohort was 34.6 (9.5)
years, and there were 28 women (62.2%). At 6 months' recovery, P100 latency in the IV
group improved by 62.9 milliseconds (from a mean [SD] of 181.9 [53.6] to 119.0 [16.5]
milliseconds), and the oral group improved by 66.7 milliseconds (from a mean [SD] of 200.5
[67.2] to 133.8 [31.5] milliseconds), with no significant difference between groups (P = .07).
Similarly, no significant group difference was found in the mean P100 latency recovery

at 1month. For BCVA, recovery between the groups did not reach statistical significance

at Tmonth or 6 months. In addition, improvements in low-contrast (1.25% and 2.5%) BCVA
were not significantly different between treatment groups at 1or 6 months' recovery.

CONCLUSIONS AND RELEVANCE This study finds that bioequivalent doses of oral
corticosteroids may be used as an alternative to IV corticosteroids to treat acute
optic neuritis.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01524250

JAMA Neurol. 2018;75(6):690-696. doi:10.1001/jamaneurol.2018.0024
Published online March 5, 2018.

© 2018 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Michigan State University user on 02/09/2019

Supplemental content
CME Quiz at

jamanetwork.com/learning
and CME Questions page 768

Author Affiliations: Department of
Clinical Neurological Sciences,
Western University, London, Ontario,
Canada (Morrow, Fraser,
Kremenchutzky, Nicolle);
Department of Clinical Neurological
Sciences, London Health Sciences
Centre, London, Ontario, Canada
(Morrow, Fraser, Day, Bowman,
Rosehart, Kremenchutzky, Nicolle);
Department of Ophthalmology,
Western University, London, Ontario,
Canada (Fraser).

Corresponding Author: Sarah A.
Morrow, MD, MS, FRCPC,
Department of Clinical Neurological
Sciences, London Health Sciences
Centre, 339 Windermere Rd,
London, ON N6A 5A5, Canada
(sarah.morrow@lhsc.on.ca).

jamaneurology.com


http://clinicaltrials.gov/show/NCT01524250
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2018.0024&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2018.0024
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2018.0024&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2018.0024
http://www.jamanetwork.com/learning/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2018.0024
mailto:sarah.morrow@lhsc.on.ca
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2018.0024

Bioequivalent Oral vs Intravenous Corticosteroid Treatment of Acute Optic Neuritis

cute demyelinating optic neuritis (ON), an inflamma-

tory disorder causing painful monocular visual loss, has

an annual incidence in the United States of 6.4 per
100 000 persons.! It is common in persons with multiple scle-
rosis (MS), with a lifetime prevalence of 50%. Corticosteroids
are traditionally used for treatment of acute demyelinating
events, including ON. High-dose (>1g) corticosteroids admin-
istered intravenously became the standard of practice after
the landmark Optic Neuritis Treatment Trial (ONTT),? which
compared 3 different interventions: high-dose intravenous (IV)
methylprednisolone (1 g daily for 3 days), low-dose oral pred-
nisone (1 mg/kg daily for 14 days), and oral placebo; there was
no IV placebo arm. In the ONTT, the IV group had a higher rate
of visual recovery. In addition, there was a higher risk of re-
current ON in the oral prednisone group than in either the IV
or oral placebo groups. However, the treatments were not
pharmacologically equivalent. Since the publication of the
ONTT, studies have shown that a high-dose oral corticoste-
roid and high-dose IV methylprednisolone are bioequivalent,>
have similar effects on magnetic resonance imaging (MRI)
outcomes,*® and have similar clinical effects on MS relapse.*®”
Furthermore, the American Academy of Neurology guide-
lines published in 2000 state that although 1 mg/kg/d of oral
prednisone is ineffective, higher doses of oral or IV methyl-
prednisolone may hasten recovery of visual function in pa-
tients with ON.® Yet IV corticosteroid administration remains
the recommended treatment of ON, as indicated in recent
Cochrane reviews® and other reviews making recommenda-
tions for the treatment of acute ON.!°2? In addition, a 2009
study found that only 47% of Canadian MS specialists prefer
to administer IV corticosteroids for MS relapse.'® Thus, the
objective of the present clinical trial was to assess whether IV
corticosteroids were superior to bioequivalent doses of oral
corticosteroids for the treatment of ON by examining the
recovery of optic nerve function after acute demyelinating ON.

Methods

Trial Design and Randomization

This single-blind randomized clinical trial compared optic
nerve function recovery in patients with ON who were treated
with bioequivalent high doses of IV and oral corticosteroids
and were followed up for 6 months. The trial protocol is avail-
ablein the Supplement. Using a computer-based random num-
ber generator, participants were randomly assigned to either
IV or oral treatment. Prior to randomization, only the study co-
ordinator was not blinded to the treatment assignment. After
randomization, participants were unblinded, whereas all as-
sessors remained blinded. Participants were assessed 3 times:
at baseline prior to treatment and at 1 and 6 months after cor-
ticosteroid treatment. To ensure that assessors remained
blinded, all baseline assessments were performed prior to treat-
ment administration, and participants were reminded at all vis-
its of the blinding of treatment assignment. This study was ap-
proved by the Western University Health Sciences research
ethics board. Participants provided written informed con-
sent prior to participation.
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Key Points

Question Is high-dose intravenous corticosteroid superior to a
bioequivalent oral corticosteroid dose for the treatment of acute
optic neuritis?

Findings In this single-blind randomized clinical trial, data were
analyzed from 45 participants with acute optic neuritis who

received daily treatment for 3 days of high-dose intravenous
methylprednisolone sodium succinate (1000 mg) or oral prednisone
(1250 mg). No significant treatment group differences were found
at1or 6 months of recovery on visual evoked potential P100 latency,
best-corrected visual acuity, or low-contrast (1.25% and 2.5%)
best-corrected visual acuity.

Meaning Useofanoral high-dose corticosteroidis as effective as a high-
dose intravenous corticosteroid for treatment of acute optic neuritis.

Study Population

From March 2012 through May 2015, patients presenting
with unilateral acute demyelinating ON who, in the opinion
of their treating clinician, warranted treatment were
recruited. To ensure treatment was recommended based on
clinical judgment and was not influenced by potential
enrollment in the trial, prospective participants were con-
tacted by the study coordinator (D.B.) only after the decision
to use corticosteroids had been made by the treating clini-
cian (who was not necessarily involved in the trial). Optic
neuritis could have presented as a first demyelinating event
(clinically isolated syndrome) or in a patient with a previous
diagnosis of clinically isolated syndrome or MS; however, it
had to have been the first presentation of ON in the currently
affected eye. Antimyelin oligodendrocyte glycoprotein and
antineuromyelitis optica antibody titers were not routinely
checked at the first presentation of ON.

Participants aged 18 to 64 years were recruited from
outpatient clinics at London Health Sciences Center and
St Joseph’s Health Care Center in London, Ontario, Canada, in-
cluding neurologic, ophthalmologic, neuro-ophthalmologic,
and MS clinics. Posters were displayed in these clinics, and
quarterly letters regarding study recruitment were sent to the
neurologists, optometrists, ophthalmologists, and neuro-
ophthalmologists at these centers and at the clinics within the
catchment area of these tertiary care clinics.

Participants were included only if (1) treatment initiation
occurred within 14 days of symptom onset, (2) the best-
corrected visual acuity (BCVA) on the Snellen eye chart of the
affected eye was 20/40 or worse, and (3) there was no re-
ported spontaneous recovery because corticosteroid treat-
ment has not been shown to confer improvement in this group.?
The use of BCVA eliminated decreased vision due to refrac-
tive error. Participants were excluded if they had previously
experienced ON in the same eye, received corticosteroids in
the previous 30 days, or had another medical condition that
might affect visual outcomes, such as, but not limited to, dia-
beticretinopathy, glaucoma, or cataracts. Participants were re-
moved from the study if they required a second treatment of
high-dose corticosteroids anytime during the study or if a
diagnosis other than ON was established.

JAMA Neurology June 2018 Volume 75, Number 6

© 2018 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Michigan State University user on 02/09/2019

691


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2018.0024&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2018.0024
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2018.0024

692

Research Original Investigation

Intervention

Participants were randomized to either methylprednisolone
sodium succinate (1000 mg, IV) daily for 3 days or oral pred-
nisone (1250 mg) daily for 3 days. The oral dose was based on
previous evidence of bioequivalence between 1250 mg of oral
prednisone and 1000 mg of IV methylprednisolone in per-
sons with MS.? Intravenous treatment was administered either
entirely in a hospital outpatient infusion center or, when pos-
sible, in a hospital outpatient infusion center for the first dose
and at home for subsequent doses. Participants randomized
to the oral group were provided 75 tablets of 50 mg of pred-
nisone (25 tablets daily) to consume at home. Compliance with
this oral regimen has been previously shown to be very high
(compliance rate, 98%).'* No taper was used after the 3-day
treatment because previous research indicates tapering has
no effect on short- or long-term outcomes.

Study Measures

The primary end point was recovery of the visual evoked po-
tential (VEP) P100 component latency in the affected eye as-
sessed 6 months after corticosteroid treatment. Secondary end
points were high-contrast BCVA and contrast sensitivity, spe-
cifically low-contrast BCVA, 1 and 6 months after treatment,
and the recovery of P100 latency 1 month after treatment.

Visual Evoked Potential

The primary measure was recovery of the VEP P100 latency be-
cause P100 latencies are a reliable measure of the functional in-
tegrity of the visual pathway, correlating with visual acuity and
recovery of visual fields in patients with ON.'®'” In addition, stud-
ies have shown an increase in the P100 amplitude, suggesting
improved conduction, approximately 30 days after onset of
symptoms,'® closely mirroring the clinical recovery noted in ON.!°
The sensitivity of a prolonged P100 latency is as high as 88% for
severe ON, 68% for mild or moderate ON.'® The P100 latency,
along with low-contrast BCVA, is considered to be a sensitive test
for clinical and subclinical demyelinating lesions of the optic
nerve.2° The P100 peak is the most prominent VEP waveform,
has little within-participant or interrater variation, and is used
as the primary outcome when interpreting VEPs.?!

Visual evoked potentials were recorded with Teca
Synergy equipment (Viasys Healthcare) using the pattern
reversal VEP, a checkerboard stimulus.?! To ensure consis-
tency in technique, the same technician (C.D.) performed all
3 assessments (baseline and 1 and 6 months) on each partici-
pant whenever possible. Recording of the VEPs was per-
formed following a standard protocol.?"-22

Best-Corrected Visual Acuity

Best-corrected visual acuity was measured using the Early
Treatment Diabetic Retinopathy Study (ETDRS) chart (14 lines
having 5 numbers each for a total of 70 responses), which is
considered the criterion standard for ophthalmologic clinical
trials of visual acuity outcomes.?*?* The BCVA was assessed
by aneuro-ophthalmologist (J.A.F.) and was measured in each
eye individually under standardized lighting conditions fol-
lowing standard protocols.?* Participants wore corrective
lenses as needed. The participants started reading at a row in
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which they thought they could read all 5 letters. They contin-
ued reading down the chart until they could not read all
5 letters in a given row. Testing was conducted at a distance
of 2 m from the ETDRS alphabet chart.

Low-Contrast BCVA

Low-contrast BCVA was measured, under conditions identical
to ETDRS testing, with low-contrast Sloan letter charts, which
are valid and reliable for assessing low-contrast visual acuity in
persons with MS.2>2¢ Each chart is similar to the chart used in
the ETDRS, except the letters are gray and consist of different
levels of contrast, ranging from 0.6% to 100%.2° Each chart was
scored separately for each eye, and the number of total letters
read on each chart was scored to a maximum of 70.2%-%7 Similar
to previous clinical trials,?%2° we used the scores determined
at 1.25% and 2.5% contrast levels as secondary outcomes.

Adverse Events

After 1 week of treatment, participants were contacted by tele-
phone by the study coordinator (D.B.), who was unblinded to
the treatment allocation, to assess adverse events (AEs). All AEs
werereported to thelead study investigator (S.A.M.) in aman-
ner that maintained blinding. The AEs were managed by the
lead study investigator on a case-by-case basis, as per stan-
dard of practice in MS clinics in Canada.’

Statistical Analysis
The sample size was based on the normal distribution of the VEP
P100 mean (SD) latency of 100 (5) milliseconds.!®:3032 The
upper limit of the normal distribution is commonly defined as
2 SDs above the mean,'®3%-32 or 110 milliseconds. The estimated
clinically significant difference between the 2 groups was hypoth-
esized to be 1 SD. Based on a 1:1 randomization, a probability
(power) of 0.8, and an a of .05, 38 participants were needed.
Assuming a potential dropout rate of 20% before the third
follow-up visit, we planned to recruit a total of 46 participants.
Participants’ baseline characteristics of the 2 treatment
groups were compared using an unpaired, 2-tailed ¢t test and
2-tailed x? analyses as appropriate. To compare longitudinal
changes on visual outcomes across groups at 1 and 6 months
after treatment, we used an analysis of covariance with the
baseline measures as covariates to assess the significance of
between-group differences at 1 and 6 months. Analyses were
performed using SPSS, version 23 (SPSS Inc). A 2-sided P < .05
was considered statistically significant.

. |
Results

The first participant was enrolled and randomized in March 2012,
and the last participant was enrolled and randomized in May
2015, with this last participant’s final visit in November 2015. Al-
though the original recruitment goal was 46 participants, after
the 46th participant was randomized, it was noted that the final
number of participants completing the study would be less than
38 owing to dropouts or removal from the study. Thus, recruit-
ment continued until 55 participants were enrolled and random-
ized to ensure enough power for the statistical analyses.
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Figure 1. Flowchart of Participant Enrollment and Retention

Table 1. Demographic Characteristics of the 45 Study Participants

89 Assessed for eligibility

34 Excluded
25 Did not meet inclusion

criteria

8 Vision not poor enough

7 Improving at time of
assessment

4 Not ON

4 Not prescribed
corticosteroids

1 No RAPD

1 Bilateral ON

Declined

4 Did not want steroids

3 Did not want possibility
of being randomized to IV
corticosteroids

2 Distance too far to travel
for study visits

o

(55 Randomized

28 Allocated to oral intervention
25 Received allocated intervention
3 Withdrew owing to treatment
assignment

i l

0 Discontinued IV intervention 0 Discontinued oral intervention
3 Lost to follow-up, included in 4 Lost to follow-up, included in

27 Allocated to IV intervention
25 Received allocated intervention
2 Withdrew owing to treatment
assignment

analysis analysis
2 Did not attend study visits 1 Did not attend study visits
1 Moved to a different city 3 Unknown

l l

2 Excluded from analysis 3 Excluded from analysis
1 Pituitary tumor 1 AION
1 Second pulse of corticosteroids 1 LHON
1 Second pulse of corticosteroids

23 Analyzed 22 Analyzed

AION indicates nonarteritic anterior ischemic optic neuropathy; IV, intravenous;
LHON, Leber hereditary optic neuropathy; ON, optic neuritis; and
RAPD, relative afferent pupillary effect.

In total, 89 participants with new-onset ON were referred
for potential participation in this trial. Twenty-five partici-
pants did not meet the inclusion criteria, and 9 declined to par-
ticipate. Thus, 55 participants were enrolled and random-
ized. Subsequently, 2 participants from the IV group and 3 from
the oral group withdrew because they were opposed to their
treatment assignment and thus did not receive any treatment
in the study. These participants were not included in any analy-
sis because the first dose had not been administered. Conse-
quently, 25 participants received IV treatment, and 25 partici-
pants received oral treatment (Figure 1).

In the IV group, 2 participants were removed because
1 participant with a known MS diagnosis had another relapse
and required another course of corticosteroid and the other
participant was found to have a pituitary tumor that had
been previously missed on an MRI scan as the cause of
vision loss (in retrospect). In the oral group, 2 participants

jamaneurology.com

Participants, No. (%)

IV Group Oral Group

Characteristic (n=23) (n=22) P Value
Age, mean (SD), y 33.1(10.1) 30.1 (8.8) 312
Female 14 (60.9) 14 (63.6) .85
White 20 (90.0) 20 (90.9) Sl
Presentation

RRMS 7 (30.4) 6 (27.3)

ClIs 0 (0.0) 3(13.6) .19°

First demyelinating event 16 (69.6) 13 (59.1)
Left eye affected 12 (52.2) 15 (68.2) 27°

Abbreviations: CIS, clinically isolated syndrome; IV, intravenous;
RRMS, relapsing-remitting multiple sclerosis.

2 Two-tailed t test.
b Two-tailed ¥ test.

were removed as the result of ON misdiagnoses (nonarteritic
anterior ischemic optic neuropathy and Leber hereditary
optic neuropathy) by the referring physicians. A third par-
ticipant was removed after she required a second course of
corticosteroid administration. She subsequently developed
ON in the other eye and later received a diagnosis of acute
disseminated encephalomyelitis. Thus, 23 participants in the
IV group and 22 participants in the oral group were included
in the analysis (Figure 1). In the IV group, 1 participant
moved midstudy and could no longer attend study visits,
and 2 other participants were lost to follow-up after the
baseline assessment. In the oral group, 4 participants were
lost to follow-up after the baseline assessment. All available
data were included in the analysis.

The mean (SD) age of our final entire cohort was 34.6 (9.5)
years, with 28 women (62.2%) and 17 men (37.8%). In the fi-
nal cohort, 29 participants (64.4%) presented with a first de-
myelinating event, whereas 13 (28.9%) had a previous diag-
nosis of MS and 3 (6.7%) had a previous diagnosis of clinically
isolated syndrome. There were no significant differences be-
tween the 2 groups in baseline demographic characteristics
(Table1). The median baseline BCVA as assessed using the Snel-
len eye chart (inclusion criteria) in the affected eye at presen-
tation was 20/100 (range, 20/40 to no light perception [NLP]).
The mean (SD) baseline VEP P100 latency was 191.0 (60.6) mil-
liseconds, indicating substantial slowing. The median base-
line ETDRS BCVA was 20/100 (range, 20/16 to NLP). Fifteen par-
ticipants (33.3%) presented with visual acuity of counting
fingers or worse. The results of BCVA testing at a letter con-
trast of 2.5% indicated that participants had a median score
of 0, meaning no numbers could be seen, with a range of O to
59; 40 participants (88.9%) could not see any numbers at this
level. For BCVA testing at a lower letter contrast of 1.25%, the
median score was also O (range, 0-40); 42 participants (93.3%)
could not see any numbers at this level. There were no signifi-
cant differences in any of these baseline visual characteris-
tics between the oral and IV treatment groups (Table 2).

VEP P100 Latency
At 6 months of recovery, the mean (SD) P100 latency in the IV
group decreased from 181.9 (53.6) milliseconds to 119.0 (16.5)
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Table 2. Baseline Visual Characteristics of the Affected Eye

IV Group Oral Group
Characteristic (n=23) (n=22) P Value
VEP P100 latency, mean (SD), ms 181.9 (53.6) 200.5 (67.2) .31°
ETDRS BCVA, median (range) 20/100 20/160
(20/16 (20/16 41°
to NLP) to NLP)
CF or worse, No. (%) 5(21.7) 10 (45.5)
LCBCVA, 2.5%, median (range) 0 (0-59) 0 (0-10) 39P
With 0/70, No. (%) 20 (87.0) 20 (90.9)
LCBCVA, 1.25%, median (range) 0 (0-40) 0 (0-5) 34b
With 0/70, No. (%) 21(91.3) 21 (95.5)

Abbreviations: BCVA, best-corrected visual acuity; CF, counting fingers;
ETDRS, Early Treatment Diabetic Retinopathy Study; LCBCVA, low-contrast
best-corrected visual acuity; NLP, no light perception; and VEP, visual evoked
potential.

2 Two-tailed t test.

b Two-tailed ¥ test.

milliseconds, an improvement of 62.9 milliseconds (Figure 2).
The P100 latency in the group receiving oral administration
decreased from a mean (SD) of 200.5 (67.2) milliseconds to
133.8 (31.5) milliseconds, a mean improvement of 66.7 milli-
seconds. This improvement was not significantly different be-
tween the 2 groups (P = .07). Similarly, at 1 month of recov-
ery, there was no significant difference in the P100 latency
between groups: the IV group improved by 41.8 milliseconds
to 140.1 (28.5) milliseconds, and the oral improved by
55.1 milliseconds to 145.4 (41.5) milliseconds (P = .75).

BCVA Assessed With ETDRS

The BCVA in the affected eye at 1 month of recovery was not sig-
nificantly different between the oral (median, 20/36; range,
20/12.5 to NLP) and IV (median, 20/20; range, 20/10 to NLP)
groups (P = .06). Similarly, BCVA at 6 months of recovery was not
significantly different between the oral (median, 20/32; range,
20/12.5 to 20/400) and IV (median, 20/20; range 20/12.5 to
20/400) groups (P = .30).

BCVA Assessed at 2.5% Contrast

At 1 month of recovery, the BCVA in the affected eye as
assessed at a low letter contrast of 2.5% in the oral group
(median, O; range, 0-40) was not significantly different from
that in the IV group (median, 15; range 0-45) (P = .58). Simi-
larly, the low-contrast BCVA at 6 months of recovery in the oral
group (median, 10; range, 0-50) was not significantly differ-
ent from that in the IV group (median, 20; range, 0-35) (P = .33).

BCVA Assessed at 1.25% Contrast

At1month of recovery, the BCVA in the affected eye as assessed
at a letter contrast of 1.25% in the oral group (median, O; range,
0-50) was not significantly different from that in the IV group (me-
dian, 5; range, 0-55) (P = .85). Similarly, no significant group dif-
ference was detected at 6 months of recovery (orally treated: me-
dian, 5; range, 0-45; IV treated: median, 15; range, 0-45; P = .33).

Adverse Events
Although 25 participants experienced at least 1 AE, the num-

ber of AEs between the 2 treatment groups was not signifi-

JAMA Neurology June 2018 Volume 75, Number 6

Figure 2. Visual Evoked Potential P100 Latency Before and After
Treatment With Bioequivalent Oral and Intravenous (IV) Corticosteroids

300+

IV group
4 Oral group

250+

200+

1504

P100 Latency, ms

100

504

Baseline 1 6

Recovery, mo

Error bars indicate SD.

cantly different (11 in the IV group and 14 in the oral group;
X?=1.226;n = 43; P = .27). In addition, the most frequently re-
ported AEs were not significantly different between the 2
groups: gastrointestinal (5 in the IV group and 8 in the oral
group; X7 = 1.203; n = 43; P = .27), insomnia (4 in the IV group
and 6 in the oral group; x? = 0.650; n = 43; P = .42), and tired-
ness or fatigue (5 in the IV group and 1 in the oral group;
X2=2.888;n = 43; P = .09).

|
Discussion

This single-blind randomized clinical trial indicates that the
administration of a high-dose IV corticosteroid was not supe-
rior to the administration of a bioequivalent oral dose for the
treatment of acute ON.

Optic neuritis is a common presentation in MS, occurring
in 50% of persons with relapsing-remitting MS, and it is the
presenting demyelinating event in 15% to 20% of all MS
cases.>334 Previous studies have shown that recovery of
vision is expected to start within 30 days of symptom onset,
corresponding to the resolution of optic nerve inflammation.'®
Recovery of color vision and subjective visual improvement
have been noted as early as 3 weeks but can be accelerated to
as soon as 1 week with corticosteroid administration,3®
although most recovery occurs within 6 months.>®

Corticosteroids have been used to treat acute demyelin-
ating events for many years. Corticosteroids reduce the break-
down of the blood-brain barrier, as indicated by a reduction
in the intensity, or complete resolution, of gadolinium-
enhanced lesions on MRI scans, leading to accelerated recov-
ery from acute relapse.” On the basis of the ONTT results, IV
administration became the standard of practice for treating
ON;? however, the active treatments used in the ONTT were
not bioequivalent. The IV group received 1000 mg of methyl-
prednisolone daily for 3 days followed by an 11-day oral taper,
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whereas the prednisone group received a much lower daily
dose: 1 mg/kg daily for 14 days. Subsequent studies using
MRI resolution of gadolinium-enhanced lesions as the main
outcome indicated a better response to high-dose (>1.0 g) oral
corticosteroids, supporting the ONTT findings that high-
dose corticosteroid treatment is the standard of care, but still
did not address whether the route of medication delivery
played arole.* A large multicenter trial in France (COPOUSEP)”
compared recovery of relapse treated with 1000 mg of
oral or IV methylprednisolone with the primary end point
examined at 28 days. Similar to the results of our study,
they reported that oral administration was not inferior to IV
administration.

The present study supports the use of either IV or oral ad-
ministration for the treatment of ON or MS relapse in general.
However, oral medication may be more convenient, minimiz-
ing travel to an infusion center, especially for those residing
inrural locations. In addition, our previous study showed that
oral administration is preferred by persons with MS.'* The use
of oral administration is also more cost-effective. A Canadian
study reported the cost of a 4-day IV treatment to be approxi-
mately CaD $715 (approximately US $580).38 By contrast, a
4-day course of 1250 mg of oral prednisone (at CaD $0.20 [US
$0.16] per 50-mg tablet) costs CaD $20 (approximately US $16).
In the United States, oral corticosteroids are more cost-
effective because IV infusions in the United States are esti-
mated to cost US $800 per hour.>® Data from the National Clini-
cal Guideline Centre 2014 publication on MS in the United
Kingdom stated that there were “no relevant economic evalu-
ations comparing steroids with placebo or comparing (IV) with
oral steroids.”*°®>3% However, data were not provided on the
cost of administration in different settings. The cost of 100 mg
of oral prednisone for 5 days is £121 (approximately US $170),
whereas 1000 mg of IV prednisolone for 5 days costs £87
(approximately US $125), in addition to the daily cost of clinic
(£560 or US $796) or home (£213-355 or approximately
US $300-500) administration.*"42 The group who published
the COPOUSEP study also reported a budget impact analysis
examining the annual cost of oral or IV treatment of relapses
for all newly diagnosed cases of MS; they concluded that the
use of oral corticosteroids would save €5 681832 (approxi-
mately US $7 050 470) in the first year alone.*> Data from an
academic neurological center in Buenos Aires, Argentina (the
FLENI Institute) also indicate a cost benefit: US $337 for IV
methylprednisolone vs US $30 for equivalent oral predni-
sone daily (Jorge Correale, MD, the FLENI Institute, written
communication, October 2017).
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Strengths and Limitations

The present study has several strengths and unique aspects.
First, we examined objective measures of recovery, with VEP
P100 latency and low-contrast BCVA, which can detect more
subtle differences than BCVA alone. Second, we focused spe-
cifically on ON, rather than MS relapses in general, similar to
the original ONTT. Finally, our primary end point was recov-
ery at 6 months, while the COPOUSEP study used a primary
end point at 28 days.”

However, the present study does not address other im-
portant clinical issues, namely, who will benefit from cortico-
steroid treatment and the ideal timing for initiation of therapy.
Research to date has not provided any evidence that treat-
ment of ON with high-dose corticosteroids affects long-term
visual outcomes.

The present study has some additional limitations. There
may have been a referral bias; if the treating physician decided
that IV (or oral) corticosteroids were more appropriate, the par-
ticipant would not have been screened for our study. Second,
most referrals for this study were received from within the Lon-
don Health Sciences Centre, London, Ontario, Canada; thus,
there may be differences between ON assessed at an academic
tertiary care center and ON assessed at other clinics. Finally, we
did not use optical coherence tomography (OCT) in this study.
Baseline OCT images may have allowed for the detection of sub-
clinical axonal attrition in the optic nerves, a known phenom-
enon in demyelinating disease that may limit the degree of ex-
pected visual recovery.** We assumed that any participants with
subclinical optic neuropathy at baseline would have been dis-
tributed equally between treatment arms of our study during
randomization, but OCT would have verified this. Follow-up OCT
images could have been useful in showing whether there was
adifferential effect of IV vs oral corticosteroids on retinal nerve
fiber layer loss and may have allowed for correlations between
optic nerve function (VEP) and structure (retinal nerve fiber
layer) by treatment modality. Previous research by Balcer and
Frohman,?” however, indicated that low-contrast BCVA, which
was used in the present study, strongly correlates with OCT.

. |
Conclusions

Bioequivalent doses of oral and IV corticosteroids are equally
viable treatment options for acute ON. However, oral predni-
sone has the advantages of being less expensive and more
convenient to access and administer and is preferred by
patients to IV methylprednisolone.*>46
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