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Optic neuritis (ON) is an inflammatory condition involving the optic nerve. Several important typical and atypical ON

variants are now recognized. Typical ON has a more favorable prognosis; it can be idiopathic or represent an early

manifestation of demyelinating diseases, mostly multiple sclerosis (MS). The atypical spectrum includes entities such as

antibody-driven ON associated with neuromyelitis optica spectrum disorder (NMOSD) and myelin oligodendrocyte

glycoprotein antibody disease (MOGAD), chronic/relapsing inflammatory optic neuropathy (CRION), and sarcoidosis-

associated ON. Appropriate and timely diagnosis is essential to rapidly decide on the appropriate treatment, maximize

visual recovery, and minimize recurrences. 
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1. Introduction

Optic neuritis (ON) is an inflammatory condition involving the optic nerve but is far from being a uniform condition, and

several important variants are now recognized that can be stratified into typical and atypical forms. Typical, ON usually

manifests in young adults, especially women, between 18 and 45 years of age, and can be idiopathic or represent an

early manifestation of demyelinating diseases, mostly multiple sclerosis (MS). The atypical spectrum includes entities

such as neuromyelitis optica spectrum disorder (NMOSD), myelin oligodendrocyte glycoprotein antibody disease

(MOGAD), chronic/relapsing inflammatory optic neuropathy (CRION), and sarcoidosis-associated ON, and in all of these,

the clinical presentation, visual prognosis, and recurrence risk differ from typical ON. Importantly, optimal treatment

approaches are also not uniform, making it essential to more accurately differentiate these entities based not only on their

clinical presentation but also their pathogenesis.

2. Typical Optic Neuritis

Optic neuritis (ON) is an inflammatory condition involving the optic nerve, manifested usually in young adults, especially

women, between 18 and 45 years of age . The majority of the cases are idiopathic, but ON can be associated with

demyelinating diseases, most commonly multiple sclerosis (MS). Optic neuritis represents one of the most frequent

phenotypes of MS relapse, and occurs as the first demyelinating event in about one out of three MS patients . MS is

characterized by the presence of plaques that form in the CNS in combination with inflammation, demyelination, axonal

injury, and axonal loss. The plaques are located primarily in the white matter of the brain, spinal cord, and optic pathways,

but there is also involvement in the gray matter . Depending on their stage of development, they contain varying

proportions of immune cells and immunoreactive substances . Plaques are expressed in all forms of MS, but vary over

time quantitatively and qualitatively, showing a profound heterogeneity in the structure and immunopathological patterns

of demyelination and oligodendrocyte pathology between relapsing-remitting and progressive forms of MS . MS likely

represents a T-cell-mediated autoimmune disorder with a predominance of CD8   cells. The dominant theory is that

inflammatory lesions in MS consist mainly of CD8   and CD4  T cells, and activated microglia and macrophages .

There is evidence regarding the suppression of functions that restricts CD4  T-cell responses, and the tissue-damaging

role of CD8  T cells is reported to co-localize with axonal pathology . Experiments in humanized transgenic mice

showed that the specific interaction of CD8  T cells with target cells requires MHC-I expression, which is tightly regulated

in neurons and MHC-I molecules, only in response to danger signals such as pro-inflammatory cytokines IFN-γ or TNF-α

. However, the role of B cells has also become apparent, as evidenced, for instance, by the effectiveness of B cell

inhibition as an MS disease-modifying therapy (DMT).

3. Pathophysiology of ON

In the acute phase, ON pathology is characterized by optic nerve abnormalities and inflammatory demyelination. More

specifically, predominant T cell, B cell, and glial cell activation within the nerve increases pro-inflammatory cytokines,
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leading to the activation of microglia and monocyte-derived macrophages, and further recruitment of CD4  and CD8   T

cells . The subsequent inflammation leads to demyelination, reactive gliosis, and axonal death . Pro-inflammatory

cytokines and cytotoxic factors target myelin-producing oligodendrocytes (OLGs) and oligodendrocyte precursor cells

(OPCs), causing apoptosis and exacerbating axonal demyelination . Mature OLGs that survive demyelination

are unable to produce new myelin sheaths. Remyelination, therefore, requires the migration and regeneration of

oligodendrocytes from OPCs .

It is worth noting that the acute inflammatory lesions of the afferent visual pathway cause retrograde degeneration of

retinal ganglion cells (RGCs). It has been demonstrated that RGC loss is associated with a reduction in post-synaptic

proteins and neurite projections, and with persistent microglia and astroglia activation in the inner retina with high levels of

iNOS (inducible nitric oxide synthase), IL (interleukin)-1α, TNF (tumor necrosis factor)-α, and C1q (complement

component 1q) . Thus, the development of therapeutic agents should focus on anti-inflammatory, anti-apoptotic, and

remyelinating mechanisms to achieve neuroprotection and neuro-regeneration in the optic nerve and retina.

4. Acute Treatment of Typical Optic Neuritis/Clinically Isolated Syndrome

In general, MS is characterized by its tendency for recurrence in proximity to a previously affected site, as has been

observed radiologically  and confirmed in post-mortem pathological studies . Lotan et al. showed that in MS,

recurrent episodes of ON tend to attack the same optic nerve that was affected before . Similar findings come from a

2011 study . Potential explanations for the recurrent nature of ON in MS is the disruption of the blood–brain barrier

during the initial insult and antigenic change and expansion, leading to epitope spreading as a pathogenic event leading to

a chronic CNS demyelinating disease .

Based on the presence of prominent immunologic activity in the pathologic samples of MS patients and oligoclonal bands

in the CSF of most MS patients, it has been suggested that the disease is an immune-mediated disorder .

However, there are alternative theories claiming that MS is not a homogenous condition, thus not fulfilling the criteria of an

autoimmune disease . Much effort has been invested in identifying the autoantigen(s) against which the

oligoclonal bands are directed, so far without success. It is believed that the inflammatory attack is not an outcome of an

immune response directed against a specific auto-antigen. Thus, in MS, unlike NMOSD and MOG antibody disease, the

immune response may be nonspecific and triggered by tissue changes induced by the previous attack.

Corticosteroid use has traditionally been the common approach for the treatment of ON, with the first implementation

dating back to the 1950s . Data from the United States demonstrate that the majority of ophthalmologists and

neurologists in the 1980s used to treat their patients with optic neuritis with standard oral doses of corticosteroids, despite

the lack of convincing evidence of efficacy . The Optic Neuritis Treatment Trial (ONTT) was the first multicenter,

randomized, collaborative clinical trial of ON . Fifteen centers in the United States participated in the ONTT,

recruiting 457 patients between 1 July 1988 and 30 June 1991. Patients were enrolled who had acute unilateral optic

neuritis with visual symptoms lasting 8 days or less, aged between 18 and 45 years, with no previous history of optic

neuritis in the affected eye, no evidence of associated systemic disease other than MS, and no previous treatment with

corticosteroids for MS or optic neuritis . The mean age of patients at study entry was 32 years, 77% of patients were

women, and 85% identified as white. The participants were randomized either to be treated with oral prednisone (1 mg/kg

daily for 14 days), intravenous methylprednisolone (250 mg every 6 h for 3 days) followed by oral prednisone (1 mg/kg

daily for 11 days), or oral placebo. Each regimen was followed by a short oral dosage taper consisting of 20 mg of

prednisone (or placebo) on day 15 and 10 mg of prednisone (or placebo) on days 16 and 18 . In general, steroid

treatment was well tolerated, with only minor adverse effects (sleep disturbance, mild mood change, upset stomach, facial

flushing, mild weight gain), except for a case of acute transient depression and another patient that suffered from acute

pancreatitis. Patients were evaluated in seven follow-up visits during the first 6 months, at 1 year, then yearly through

1997, in 2001 through 2002, and finally in 2006. According to the study design, the primary outcome for the treatment

group comparison was set at 6 months.

The study findings demonstrated that the natural course of visual functions after an episode of typical optic neuritis, either

treated or untreated, is one of a rapid visual recovery beginning within 2 weeks after the onset of symptoms, with most of

the recovery often taking place after 4 to 6 weeks, and further slow recovery over several months, even up to 1 year . In

almost all patients, regardless of the treatment group and initial severity of visual losses, some improvement began within

the first 30 days . Of clinical relevance, recurrences of optic neuritis occurred more commonly in patients treated with

oral prednisolone alone; within 2 years from diagnosis, the probability of recurrence in either eye was almost 2-fold higher

in the low-dose prednisone group (30%) than in either the placebo group (14%) or the high-dose intravenous group (16%)

. The ONTT showed that vision recovered faster in the intravenous group than in the other groups, although
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the difference among the three groups had faded by 30 days. However, at 6 months, qualitative features such as contrast

sensitivity, visual field, and color vision were still slightly better in the intravenous group. By contrast, the prednisone group

compared with the placebo group demonstrated no significant differences in the rate of recovery or the 6-month outcome

for any aspect of the visual function. At the 6-month point, patients in all three treatment groups had a median visual

acuity of 20/16, and fewer than 1 out of 10 patients had a visual outcome of 20/50 or worse. At the 1-year follow-up, there

was no statistically significant difference in visual function among the groups. Visual acuity was 20/40 or better in 95% of

the placebo group, 94% of the intravenous steroid group, and 91% of the oral steroid group at 1 year. After 15 years, 72%

of the eyes affected with optic neuritis had visual acuity of ≥20/20, and 66% of the patients had ≥20/20 acuity in both eyes

. A 2015 Cochrane Systematic Review also reported the failure of intravenous steroids to improve vision outcomes in

ON . The ONTT also found that among the 389 patients without a diagnosis of clinically probable or definite MS at

study entry, the intravenous steroid group showed a lower rate of development of clinically definite MS within the first 2

years (7.5%) than did the placebo (16.7%) or prednisone (14.7%) groups, but this apparent protective effect was not

sustained at 3 years . By 5 years, the treatment had no significant effect on the development of MS. Most of the

aforementioned intravenous treatment group benefits on the development of MS were observed in patients with brain

findings on the magnetic resonance imaging (MRI) at baseline, because the rate of MS among patients without baseline

MRI lesions was so low that therapeutic efficacy could not be determined.

Some potential limitations of the trial include the definition of symptom onset (timed from the visual loss but not from the

onset of pain), inclusion of possible MOG cases, the validity of the primary outcome measure of high-contrast visual

acuity, and the lack of pharmacokinetic data (making it difficult to develop a plausible biological explanation for as to why

oral vs. intravenous corticosteroids should be harmful compared with intravenous corticosteroids). In addition, the long

interval between the onset of symptoms and initiation of treatment in ONTT (up to 8 days) leaves open the possibility that

a “critical time window” may have been missed, and that more vision loss could be prevented if treatment was initiated in

the early inflammatory phase (within 48 h) . Experimental evidence supports such a critical time window for

treatment initiation in optic neuritis, as it has been shown that inflammation of the optic nerve precedes demyelination and

axonal degeneration by about 2 days, and irreversible damage to the axonal cytoskeleton occurs within 5–7 days .

Indeed, a retrospective study demonstrates significant improvement in both functional and structural outcomes in patients

with relapsing ON when treatment is initiated early .

The current standard of care for typical optic neuritis, still based on the results of the ONTT, is either no treatment in mild

cases or the administration of intravenous steroids to accelerate visual recovery . A proton pump inhibitor may

also be given to prevent peptic ulcers. There is no role for low-dose oral prednisone . This reasoning is consistent with

a Cochrane meta-analysis as well .

Since the publication of the ONTT, other studies have shown that high-dose oral corticosteroids and high-dose IV

methylprednisolone are bioequivalent, and have similar effects on MRI outcomes and clinical MS relapse . Morrow et

al., in 2018, showed in a single-blind randomized clinical trial that the efficacy of high-dose oral steroids is bioequivalent to

and shows no inferiority to intravenous steroids. More specifically, 55 participants were randomized to either

methylprednisolone sodium succinate (1000 mg, IV) daily for 3 days or oral prednisone (1250 mg) daily for 3 days.

Improvements in vision were noticed at 1 month and at 6 months . Compliance with this oral regimen has been

previously shown to be very high . Similar results were cited by the COPOUSEP trial in France . In addition, a

Cochrane review in 2008 compared the efficacy of the two forms of steroid administration and found them to be equally

effective. Studies have also shown that intravenous dexamethasone in a dose of 200 mg/day had comparable efficacy to

1 g/day of intravenous methylprednisolone, and has the advantage of low costs and fewer side effects . Intramuscular

or subcutaneous adrenocorticotropic hormones are also approved for the treatment of ON- and MS-related relapses .

Intravenous immunoglobulin (IVIg) has a potential role in the management of acute optic neuritis, though evidence is

limited, and the agent is typically reserved for the treatment of patients with steroid-refractory ON. IVIg may cause rash,

fever, and, rarely, aseptic meningitis, thrombosis, hemolysis, and renal dysfunction . In general, plasma exchange

(PLEX) is typically favored over IVIg to manage MS relapses that are not responsive to steroid treatments. PLEX is

associated with a number of potential side effects including myocardial infarction, arrhythmia, hemolysis, central line

placement risk, and death in a small percentage of patients . More recently, high-dose cyclophosphamide (50 mg/kg

per day for 4 consecutive days, followed by a granulocyte-colony-stimulating factor 6 days after completion) was

evaluated in nine patients with aggressive RRMS as a rescue treatment for acute fulminant relapses. Potential side

effects of the short-term high-dose cyclophosphamide monotherapy in patients with MS include neutropenia and infection
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5. Long-Term Treatment: Immune Prophylaxis against Optic Neuritis
Relapses/Progression to Multiple Sclerosis

5.1. Mechanisms of Action in Interferon β in MS and Optic Neuritis

Interferons (IFNs) have been recruited as a potential therapeutic option for MS based on their immunomodulatory and

antiproliferative properties . It is believed that IFNs act via several overlapping mechanisms such as the down-

regulation of the major histocompatibility complex (MHC) class II expression present on the antigen-presenting cells, the

induction of T-cell production of interleukin 10 (IL-10), and thus a shift in the balance toward anti-inflammatory T helper

(Th)-2 cells, and the inhibition of T-cell migration as a result of a blockade of metalloproteases and adhesion molecules 

(Figure 1: a synopsis of IFN mechanisms of action).

Figure 1. Molecular Mechanisms of Action of Interferon β .

The actions of IFNs are mediated through transcriptional factors and subsequent gene regulation. The major route in

which IFN-β produces its effect is by activating the Janus kinase (JAK) signal transducers and activators of the

transcription (STAT) pathway. More specifically, IFN-β binding to the type I IFN receptor causes phosphorylation of STAT1

and STAT2 and the formation of STAT1-STAT2 heterodimers, which translocate to the nucleus, bind the IFN-stimulated

response element (ISRE), and modulate the expression of ISRE-regulated genes . It has been demonstrated that the

cellular response to IFNs is complex and results in changes in the expression of more than 500 genes representing

∼0.5% of the human genome . Rizzo et al., focusing on the pivotal role of B cells in MS immunopathology, investigated

the mechanism of B-cell apoptosis. The up-regulation of mechanisms that require FAS-receptor/TACI (transmembrane

activator and CAML interactor) signaling and the production of apoptotic markers such as Annexin-V and caspase-3 were

shown as specific inducers of B-cell apoptosis .
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5.2. Glatiramer Acetate (GA)

The mechanism of action of GA has long been an enigma. GA has well-established immunomodulatory properties,

promoting the expansion of anti-inflammatory and regulatory Th2 and Treg cells and inducing the release of neurotrophic

factors. Using various genetically modified mouse strains, as well as human monocytes, Molnarfi et al. showed that GA

inhibited the TRIF-dependent pathway, resulting in a reduction in IFN-β production  (Figure 2). This observation is

consistent with the earlier demonstration that STAT1 phosphorylation is reduced upon activation in type II monocytes .

These findings provide a key anti-inflammatory mechanism connecting innate and adaptive immune modulation in GA

therapy. Animal studies have also shown that GA-reactive Th2 cells migrate to the CNS and accumulate at the site of

active lesions. Thus, GA-reactive T cells provide the effector arm in treatment. However, GA treatment influences both

innate and adaptive immune compartments, and it is now recognized that antigen-presenting cells (APCs) are the initial

cellular targets for GA, and it is the modulation of the APC compartment to anti-inflammatory (M2) phenotypes that leads

to an expansion in regulatory Th2 and Treg cells. In addition, the anti-inflammatory (M2) APCs induced following treatment

with GA are responsible for the induction of anti-inflammatory T cells that contribute to its therapeutic benefit .

Mechanisms of action of GA that promote immunomodulation and neuroprotection are not mutually exclusive, and several

may contribute to the efficacy of the drug (Figure 3).

Figure 2. Glatiramer Acetate Modulates Type I Interferon production .
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Figure 3. Anti-inflammatory Mechanisms Induced by Glatiramer Acetate .

5.3. Treatment of Clinically Isolated Syndromes

In this entry, researchers are reviewing some of the trials that specifically addressed clinically isolated syndromes such as

optic neuritis. These are mostly older trials. Researchers will not cover all multiple sclerosis treatments in detail, but

acknowledge that several newer DMTs for MS have class I evidence for MS, and have approval for treatment of both MS

and CIS. This evidence (and the FDA approval of these medications) is based on MS trials, not specifically CIS/optic

neuritis trials, and will not be reviewed in detail. Thus, in clinical practice, a number of additional MS medicines may be

used for high-risk CIS patients, likely with good efficacy, although they were not specifically investigated in the CIS

situation. It is beyond the scope of this entry to discuss all such treatment options.

The goal of MS treatment is to delay the onset of additional clinical relapses and possibly long-term disability. The first

opportunity to initiate disease-modifying therapy in patients with MS may actually be when they are in the clinically

isolated syndrome (CIS) stage, i.e., before conversion to clinically definite MS (CDMS). Since 1993, when interferon beta-

1b was approved for MS, a growing number of disease-modifying therapies (DMTs) have become available. The goal of

DMTs is to decrease the frequency of clinical relapses, lessen the number of new and active multiple sclerosis lesions on

MRI, and, in the long term, to slow the progression of neurologic impairment. Since the approval of natalizumab as the

first highly active DMT, the ultimate goal of “no evidence of disease activity” (NEDA) has become attainable for many

patients. While the treatment of MS is beyond the scope of this entry, the evidence for initiating MS DMTs after CIS is

discussed.

Most DMTs approved for MS are also approved for the treatment of CIS. However, only a few DMTs have specifically

been evaluated in clinical trials to treat CIS (including ON) and to delay the onset of clinically definite MS, including

interferons and glatiramer acetate . In all trials, the patients who received the active drug developed a

second neurologic manifestation (definite multiple sclerosis) less frequently, and (if at all) at a later time, than those given

the placebo. Even after a second episode, treated patients had a significantly lower annual rate of relapse for the duration

of the follow-up period. Neurologic impairment was generally relatively mild and not significantly different between the two

groups.

Interferons and glatiramer acetate have been approved for the treatment of CIS, including ON with two or more inactive

typical lesions of multiple sclerosis on MRI. CHAMPS (Controlled High-Risk Subjects Avonex Multiple Sclerosis

Prevention Study) was a randomized, double-blind trial involving 383 patients with an initial, acute monosymptomatic

demyelinating event—unilateral ON, incomplete transverse myelitis (TM), or brainstem/cerebellar—and at least 2 silent T2

lesions on brain MRI . The patients were randomized to weekly intramuscular interferon β-1a (IFN-b1a) or a placebo.
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The treatment group experienced a 44% reduction in the rate of development of CDMS compared with the placebo group

over 3 years of follow-ups. There were statistically significant beneficial effects on all MRI parameters for the treatment

group, including a decrease in T2 lesion development, gadolinium-enhancing lesions, and T2 lesion volume. The 10-year

follow-up showed that patients treated immediately after their first episode had a significantly lesser chance of

experiencing a second attack compared to those who had delayed treatment. Based on these results, FDA extended its

approval of intramuscular IFN-b1a to include patients with CIS deemed to be at high risk for MS. The most common side

effects associated with interferons are flu-like symptoms, including myalgia, fever, fatigue, headache, chills, nausea,

vomiting, pain, and asthenia .

The PRISM (Prevention of Relapses and Disability by Interferon β-1a Subcutaneously in Multiple Sclerosis) trial assessed

the efficacy of interferon (IFN)-β1a compared to the placebo, in dosages of 22 μg and 44 μg given subcutaneously in

relapsing-remitting MS patients; both treatment groups had fewer relapses . The Early Treatment of Multiple Sclerosis

(ETOMS) trial showed that weekly subcutaneous IFN-β1a reduced the conversion to CDMS over 2 years to 34% vs. 45%

for the placebo; a post hoc analysis found that the treatment group had a reduced rate of brain atrophy compared with

those on the placebo . The BENEFIT (Betaseron in Newly Emerging Multiple Sclerosis for Initial Treatment) study

included patients with a single neurologic event and at least 2 clinically silent MRI lesions; in a 24-month study period, the

standard dose of IFN-β1 was seen to reduce the risk of MS by 50%. Furthermore, open-label extension studies from the

original CHAMPS and BENEFIT cohorts have suggested a possible long-term benefit from the early initiation of disease

modifying treatments . The CHAMPIONS (Controlled High-Risk Avonex Multiple Sclerosis Prevention Study in Ongoing

Neurologic Surveillance) trial concluded that a delay in treatment by up to 3 years after a first clinical demyelinating attack

could lead to an earlier time for CDMS but did not show a long-term effect on the development of new MRI T2-weighted

lesions or long-term disability . The REFLEX (REbif FLEXible dosing in early MS) trial evaluated 517 patients with CIS

and at least two clinically silent T2 lesions on brain MRI. At two years, the probability of MS diagnosed by the McDonald

criteria was significantly lower with subcutaneous interferon β-1a 44 mcg dosed either three times a week or once a week

(63 and 76 percent, vs. 86 percent for the placebo). In the subsequent extension phase of the trial, all patients (n = 403)

received interferon β-1a. At five years, the group assigned to interferon β-1a treatment in the placebo-controlled phase

(i.e., early treatment) continued to have a reduced probability of conversion to MS and fewer new MRI lesions compared

with the group whose treatment was delayed for up to two years .

Glatiramer acetate is an immunomodulator used to reduce relapse frequency in relapsing–remitting multiple sclerosis .

The PreCISe (Early GA Treatment in Delaying Conversion to CDMS in Participants Presenting with a Clinically Isolated

Syndrome) trial showed a reduced conversion to CDMS (25%) in patients treated with 20 mg of glatiramer acetate

subcutaneously daily compared to 43% for the placebo .

Teriflunomide also reduces the risk of progression to multiple sclerosis, as has been shown in the TOPIC (Teriflunomide

Vs. Placebo in Patients With First Clinical Symptom of Multiple Sclerosis) trial, where 618 adults with a CIS were

randomly assigned in a 1:1:1 ratio for treatment with 14 mg of oral teriflunomide daily, 7 mg of teriflunomide daily, or the

placebo for up to 108 weeks, with a median treatment duration of over 70 weeks. The agent reduced the risk of relapse-

defining CDMS at both the 14 mg dose and the 7 mg dose. The exact mechanisms by which teriflunomide works in MS

are not established; it is an oral dihydroorotate dehydrogenase inhibitor that interferes with de novo synthesis of

pyrimidines and thus inhibits the proliferation of rapidly dividing cells such as autoreactive T and B cells . The most

common adverse effects of teriflunomide were elevated alanine aminotransferase (ALT) levels, diarrhea, hair thinning,

paresthesia, and upper respiratory tract infections. Teriflunomide is associated with increased risk for hepatotoxicity and

teratogenicity and should not be given to patients with liver disease or women who are pregnant. Full immunization

coverage is required prior to treatment initiation . In addition, intravenous immune globulin and minocycline

have been studied for the treatment of CIS or the first demyelinating event, but are not established as effective .

The early treatment of CIS is not favored by all experts. The decision whether to initiate treatment for CIS has to consider

that not all patients go on to develop any additional relapses or lesions, and that the evidence base showing that the early

treatment of CIS will prevent long-term disability is very limited. Patients should be informed of the potential benefits, risks,

and uncertainties, and participate in decision making . However, once a diagnosis of CDMS is made, the early initiation

of treatment is recommended.
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