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Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating disease affecting the central nervous system. Nearly 400,000 Americans 
have MS, and it is the leading cause of disability in young adults in the United States.[1,2] The first treatment for MS was approved 
by the US Food and Drug Administration 17 years ago to reduce the frequency and severity of relapses. In the following years, 
several other agents were approved for the treatment of relapsing forms of MS. These included intramuscular and subcutaneous 
formulations of interferon beta-1a (IFN beta-1a), glatiramer acetate (GLAT), and IFN beta-1b. In the first decade of this century, 2 
additional agents were approved for worsening MS and were targeted for patients with an inadequate therapeutic response to 
the IFNs and GLAT and for those patients with active disease who are unable to tolerate standard therapies. These include mito-
xantrone and natalizumab. The knowledge gained in the years since the approval of these agents has revolutionized the treat-
ment of MS. A mere 20 years ago, the diagnosis of MS was devastating. In the present day, MS is regarded as a treatable disease 
with a variable prognosis. Among the other insights realized in the past 2 decades is that, like many other diseases, early diagnosis 
and treatment is essential to limiting and preventing long-term disability.

An understanding of the natural history of MS and an understanding of the pathology and the role of inflammatory disease activ-
ity is critical to understanding the importance of early diagnosis and treatment of MS. The natural history of relapse and disability 
progression confused clinicians for many years. It has only been in recent years that a better understanding of disease dynamics 
and the role of lesion location and the degree of tissue destruction has allowed us to piece together a basic understanding of the 
disease dynamics. Even now, there are many more aspects of the disease of which we have little knowledge or understanding. 
As a result of a better understanding of the natural history of MS and because of clinical trials in patients with early disease, the 
importance of early treatment in MS has now become clear and constitutes the accepted standard of practice, especially in those 
patients with active inflammatory disease.

The Diagnosis of MS: The Role of MRI

The most basic principle of MS diagnosis is the establishment of lesion dissemination in time and space in the absence of a more 
likely explanation. This principle has constituted the basis for every diagnostic criterion ever used in MS and is the basis of the 
revised McDonald criteria.[2] This set of diagnostic criteria is summarized in the Table. This was the first diagnostic criteria to use 
MRI lesions to satisfy the criteria of lesion dissemination in time and space and it allowed for an earlier diagnosis of MS. The criteria 
are highly specific but slightly less sensitive than more recently formulated criteria.[3] 

Table. Poser and McDonald Diagnostic Criteria for Multiple Sclerosis[2,4,5]

Poser Criteria   McDonald Criteria

   Clinical Presentation  Additional Data Needed

Clinically definite MS  
•  2 attacks and clinical • 2 or more attacks (relapses)  • None; clinical evidence will
  evidence of 2 separate lesions  • 2 or more objective clinical lesions    suffice (additional evidence
•  2 attacks, clinical evidence of      desirable but must be consistent    
  one and paraclinical evidence of      with MS)
   another separate lesion

Laboratory-supported definite MS 
•  2 attacks, either clinical or  • 2 or more attacks     Dissemination in space,
   paraclinical evidence of 1 lesion,  • 1 objective clinical lesion  demonstrated by:
   and CSF OB/IgG   •  MRI or
• 1 attack, clinical evidence of 2   •  A positive CSF and 2 or more
   separate lesions and CSF OB/IgG    MRI lesions consistent with MS
•  1 attack, clinical evidence of      or further clinical attack
   1 and paraclinical evidence of      involving different site
   another separate lesion, and CSF OB/IgG

CSF = cerebrospinal fluid; IgG = immunoglobulin G; OB = oligoclonal bands; MRI = magnetic resonance imaging; 
MS = multiple sclerosis 
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According to the McDonald criteria,[2,4,5] lesion dissemination in space may be accomplished at the time of a clinically isolated syn-
drome (CIS) if the MRI shows 1 asymptomatic gadolinium enhancing lesion or at least 9 T2 lesions, 3 of which are periventricular, 1 
subcortical, and 1 infratentorial. These are the Barkhof-Tintore criteria for dissemination in space and are based on a study in which 
patients who satisfied this criterion had an 85% probability of a second attack within 2 years of follow-up.[6,7] The criterion of lesion 
dissemination in time is satisfied when a new T2-weighted lesion or a new gadolinium-enhancing lesion is present on an MRI 
scan done at least 1 month after the onset of a CIS. One problem with these criteria is that they lack sensitivity even though their 
specificity is quite good. In the 14-year follow-up of the Queens Square CIS cohort, 88% of patients with at least 1 MRI lesion had a 
second attack within 14 years and another 10% had new MRI lesions.[8] Many of these patients would not have satisfied 
McDonald criteria for a considerable period of time despite that biologically they had MS from the start.

As a result of issues such as this, newer and simpler criteria for lesion dissemination in space at the time of CIS have been investi-
gated.[3,9] One study examined the predictive value of 1 or more asymptomatic locations in at least 2 of 4 locations strongly sug-
gestive of MS (juxtacortical, periventricular, infratentorial, spinal cord). In this study,[3] these criteria proved to be as specific as and 
more sensitive than the McDonald criteria for predicting conversion to definite MS as defined by a second clinical attack. An earlier 
review suggested that dissemination in space by MRI could be defined using the presence of 3 or more asymptomatic MRI 
lesions.[10] This criterion also results in improved sensitivity, but specificity is lower than that achieved using the McDonald 
criteria.[9] 

One recent study evaluated the use of a single MRI with gadolinium-enhancing lesions as a criterion for dissemination in 
time.[9] Because the presence of active gadolinium-enhancing lesions and inactive T2 lesions suggests the presence of both new 
and old lesions, the presence of gadolinium would be a marker for lesion dissemination in time. In this study, a gadolinium-en-
hancing lesion observed in conjunction with asymptomatic T2 lesions suggestive of MS predicted conversion to definite MS with 
high specificity but lower sensitivity.

Whereas any formal diagnostic criteria must include criteria to prove lesion dissemination in time and space, the most consistent 
and compelling data suggest that in patients with a CIS and asymptomatic MRI lesions suggestive of MS, the rate of conversion to 
definite MS is nearly 100%. This suggests that this group of patients already has MS even though they do not yet satisfy diagnostic 
criteria.

The Natural History of MS: Clinical Course of Relapsing Disease

Approximately 80% of patients present with a CIS that takes the form of optic neuritis, partial transverse myelitis, or a syndrome 
localizable to infratentorial structures. Many actually have coexistent constitutional symptoms such as fatigue and memory diffi-
culty. As noted, the rate of conversion to clinically definite MS (CDMS) is very high for those patients with asymptomatic T2 lesions 
suggestive of MS.[8] For patients with CIS and a normal cranial MRI, the risk for conversion to MS is considerably lower but still 
reaches 40% at 10-year follow-up.[11] Of those patients, approximately 17% will have a second clinical attack and new MRI lesions 
suggestive of MS will develop in 23%.[11] 

Overall, 85% of patients present with relapsing forms of MS and 15% present with primary progressive forms. In the entire cohort 
of the MS population, disability accumulation tends to be slow.[12,13] The median time to an expanded disability status score (EDSS) 
of 6 (requiring unilateral assistance for ambulation) is 14.97 years. In other words, it takes approximately 15 years for the average 
patient to require a cane for ambulatory assistance.[12,13] Some will progress much faster and others far slower. In long-term follow-
up studies, the majority of patients initially classified as having benign MS eventually worsen. Patients with disease duration of 10 
years with little or no disability (EDSS < 3.0) have been defined as having benign MS. In cross-sectional studies, as much as 20% of 
relapsing remitting MS (RRMS) has been defined as benign.[12,13] 

Hawkins and colleagues[14] followed a group of patients with benign disease at 10 years. Follow-up 10 years later revealed that 
only 25% of those initially classified as benign still had mild disability. Most had progressed and disability had become more 
advanced. At 20 years of follow-up, very few of those initially classified as benign still had little disability. These studies demon-
strate that patients with MS are always at risk for progression at any time after disease onset. Other studies have demonstrated 
that as many as 50% of those with low-grade disability or benign disease have significant neuropsychologic deficits. In summary, 
benign MS does occur but it is uncommon, and patients with MS are always at risk for progression.

In the early stages, disease disability progression often occurs in the context of relapse.[15] Approximately 50% of patients have 
residual disability after an MS relapse. In a study that evaluated the placebo groups of several combined clinical trials, Lublin and 
Reingold[16] found that approximately 30% of placebo-treated patients had residual disability of at least 1 EDSS point for at least 
90 days, and 41% had at least a one-half point increase on the EDSS that was maintained for at least 90 days.
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Over time, patients with RRMS will transition to a secondary progressive (SP) form in which disability accumulates gradually with 
or without continued periods of relapse. After 15 years, nearly 60% of patients have reached the SP stage, and after 26 years, 89% 
have SPMS.[13] In SPMS, the accumulation of disability tends to be more rapid. The median time to EDSS 6 varies between 2-1/4 and 
4-1/2 years.[13] The benefit of treatment for SPMS is less than that seen in the RR phase. In the population of patients with SPMS 
who continue to have relapses, there does appear to be evidence of treatment benefit in the form of decreased relapse rates and 
fewer new MRI lesions. An effect on disability progression in SPMS is debatable. However, evidence from long-term follow-up 
studies indicate that patients treated with IFN or GLAT have a lower rate of conversion to SPMS compared with historical cohorts 
and when compared with populations in the same study who did not stay on therapy.[17-19] 

Life expectancy is also decreased in patients with MS. Mortality generally occurs 5 to 10 years earlier than that of the general 
population, and in patients with more advanced disability, the mortality rate may be 8 times greater than the general population. 
This is related, in part, to less mobility and an increased susceptibility to infection with advanced disease.

The Natural History of MS: MRI Studies

Although the clinical course of MS is variable, most patients progress, and the rate at which they progress is highly variable in both 
rate and extent. It has often been said that the clinical course of MS represents the “tip of the iceberg.” The wealth of information 
provided by MRI studies that have examined both natural history and the effects of immunomodulatory agents has revolutionized 
our understanding of MS and its treatment. The pathologic event most frequently observed on MRI is the appearance of 
gadolinium-enhancing lesions. The histopathologic correlation of gadolinium enhancement in MS is breakdown of the blood 
brain barrier, edema, infiltration of macrophages and lymphocytes into the tissue, myelin destruction, and axonal transaction.[20,21] 
Within an active lesion are roughly 11,000 transected axons per cubic millimeter.[20] Most lesions in the periventricular white 
matter are asymptomatic and have no associated motor or sensory symptoms. This is not true for tumefactive lesions, which are 
large, highly destructive, and interfere with the conduction of action potentials.

When an enhancing lesion develops in an eloquent location such as the optic nerve, brain stem, or spinal cord, it is associated 
with symptoms. This is the biologic underpinning of a relapse. In patients with untreated RRMS, gadolinium-enhancing lesions 
occur quite frequently. Studies using monthly MRI report the development of 20 enhancing lesions each year in the average 
patient.[22] There are roughly 5 to 10 enhancing lesions for every clinical relapse. Of interest is that the median duration of an 
enhancing lesion is only 12 days, and two thirds have resolved after a month.[23] In the absence of treatment, there is extensive 
ongoing inflammatory disease activity and associated injury to neural issue.

Studies evaluating brain volume have demonstrated that inflammation, as measured by gadolinium enhancement, is followed 
by reductions in brain volume (atrophy).[24] Brain atrophy is one of the best predictors of disability progression; it is evident at the 
time of CIS in patients in whom MS later develops. Studies of brain atrophy in patients with RR disease reveal that the rate of 
atrophy may be higher earlier in the disease. On histopathology, every lesion is associated with some degree of permanent 
damage to the nervous system. It makes good theoretical sense that the suppression of new active lesions would lead to better 
long-term outcomes.

Many but not all new enhancing lesions leave a residual T2-weighted abnormality.[25] In actuality, only 19% of enhancing lesions 
are associated with residual T2-weighted lesions, but on histopathology, all enhancements leave some degree of residual injury to 
the tissue. Over time, T2 lesion load accumulates and it does so at a rate of about 5% to 7% per year. T2 lesion load at the time of 
CIS is predictive of subsequent disability progression many years later.[8] Each new T2-weighted lesion began with an inflammatory 
lesion. Approximately 30% of new enhancing lesions evolve into chronic T1 hypointense lesions known as “black holes.”[26] Black 
holes are associated with greater progression of disability in both RRMS and SPMS and reflect a disease process in which there is a 
greater tendency to cause more severe injury to neural tissue with each inflammatory event.[27] 

After a variable period of time, the damage caused by inflammatory disease activity accumulates, and this injury becomes 
clinically manifest. This can occur very early in the disease process when a destructive lesion strikes an eloquent location, or it 
can become apparent much later. Early on, reparative mechanisms may function more effectively and patients may be able to 
compensate for some degree of injury. In the later stages, the compensatory mechanisms may be overcome so that every 
inflammatory injury becomes clinically manifest in the form of worsening cognition or disability progression.
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The Effects of Immunomodulatory Therapy

All of the immunomodulatory agents (IMAs) reduce the rate of clinical relapse.[28-32] IFN beta-1b was also shown to reduce the 
severity of relapse.[28] Relapse rates have been reduced by 18% with intramuscular IFN beta-1a,[31] by 32% with subcutaneous IFN 
beta-1a,[30] by 33% with IFN beta-1b,[29] and by 29% with GLAT.[32] Although the effects of the IMAs on clinical relapse have been 
relatively mild, the effect on MRI metrics has been more impressive. In various studies, the IMAs decreased enhancing lesion 
frequency by between 35% and 91% and reduced the frequency of new T2 lesions.[33-35] In addition, in clinical trials in patients with 
established RRMS, all of these agents reduced the accumulation of T2-weighted lesion burden. Of note, patients enrolled in the 
earlier clinical trials had disease duration and disease activity that was far greater than that observed in later trials. Clinical trials 
examining the effects of IMAs in early disease have demonstrated much more robust effects.

CHAMPS

Four clinical trials have examined the effects of IMAs in patients with CIS. The purpose of these trials was to determine whether 
the rate of conversion to CDMS was lower in IMA-treated patients with CIS and MRI lesions suggestive of MS. The first trial was the 
Controlled High risk subjects Avonex® MS Prevention Study (CHAMPS).[36] This trial enrolled 383 patients with CIS and 2 clinically 
silent lesions detected by MRI. Patients were randomly assigned to receive placebo or intramuscular IFN beta-1a 30 µg/week for 
3 years or until conversion to CDMS. For patients receiving intramuscular IFN beta-1a, the risk for conversion to CDMS was 44% 
lower than that for patients who received placebo (P = .002). The probability of converting to CDMS during the study was 35% in 
the treatment group and 50% in the placebo group (P = .002).[36] The risk for conversion to CDMS was 42% lower for treated 
patients presenting with optic neuritis, 60% lower for those patients with infratentorial syndromes, and 70% lower for those 
presenting with a spinal cord syndrome. In addition, for patients at high risk for progression as defined by having 9 or more 
T2-weighted lesions and at least 1 enhancement on their baseline MRI, the risk for CDMS was reduced 66%. Of note, the effect 
on MRI metrics in this early population was far more robust than that observed in patients with established RRMS. A long-term 
follow-up study of the patients enrolled in this trial suggests that the benefits of early treatment are evident at 10-year 
follow-up.[37] 

At the end of the trial, all patients were started on treatment with intramuscular IFN beta-1a and follow-up was carried out at 5 
and 10 years.[37,38] At both the 5- and 10-year follow-up, those patients assigned to early treatment had relapse rates roughly half 
those of patients who began therapy at the time of conversion to CDMS or at the end of the trial (0.17 vs 0.32). In addition, the risk 
for conversion to CDMS was still reduced 40% at 10 years, and 79% of patients still had an EDSS less than 3.[37] The benefits of early 
treatment are clearly evident in this study.

ETOMS

The Early Treatment of MS (ETOMS) trial was a similar trial in patients with CIS. This trial evaluated effects of early treatment with 
subcutaneous IFN beta-1a 22 µg once weekly on disease progression in patients with CIS and an MRI scan highly suggestive 
of MS.[39] During the 2-year study period, the risk for conversion to CDMS was 34% in the subcutaneous IFN beta-1a group 
compared with 45% in the placebo group (P = .047). The time to a second relapse was delayed by 317 days in the treatment group 
compared with the placebo group (P = .023). Of interest is that patients who had a multifocal presentation had a twofold higher 
rate of conversion to CDMS compared with those with a monofocal presentation. There was no effect on disability progression, 
and no long-term follow-up was carried out. Of note, the dose of IFN beta-1a used in this trial was far lower than the standard 
approved doses used in clinical practice. Despite that, clinical effects were still evident. Further, as in the CHAMPS trial, the effect of 
this dose of IFN beta on MRI metrics was far more robust than what would be expected in a population of patients with untreated 
RRMS. The burden of disease on T2-weighted MRI scans increased by 10% over 2 years in the placebo group, whereas in the 
treated group, the lesion burden was reduced by 12%. Again, this is a far greater effect than would be expected in patients with 
established RRMS.

BENEFIT

Two more recent clinical trials have examined the effects of GLAT and IFN beta-1b in patients with CIS and MRI scans highly 
suggestive of MS. The BEtaseron in Newly Emerging MS For Initial Treatment (BENEFIT) study[40] examined the effects of IFN beta-
1b in patients with CIS and at least 2 MRI lesions suggestive of MS. Patients had either monofocal or multifocal presentations and 
were randomly assigned to placebo or IFN beta-1b for 2 years or until a second attack occurred to confirm the diagnosis of 
CDMS.[40] Patients who had a second clinical attack were switched to active treatment at the time of relapse, and all patients were 
converted to active treatment with IFN beta-1b at the end of the 2-year trial. Of note, this trial was also powered to detect effects 
on disability progression, and there was a planned 5-year follow-up. 

As expected, the risk for conversion to CDMS was significantly reduced in the group assigned to active treatment. The hazard 
ratio for conversion to CDMS decreased 50% in the early treatment group. In all, 45% of the placebo group underwent conversion 
to CDMS compared with only 28% of the treated group (P < .0001). Of note is that this trial also measured the conversion rate to 
McDonald criteria MS. Not surprisingly, within 2 years, 85% of the placebo group had either a new attack or a new MRI lesion 
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confirming MS. This is consistent with earlier results suggesting that patients with CIS and an abnormal MRI have a very high rate 
of conversion to definite MS. The time to conversion to CDMS was delayed 363 days in the group assigned to early treatment. The 
rate of conversion to McDonald criteria-positive MS was reduced 46% (P < .00001). The risk for disability progression was reduced 
by 40% (P = .0218).

Follow-up at 3 and 5 years revealed that the benefits of early treatment were retained.[41,42] At 3 years the risk for conversion to 
CDMS was still reduced by 41% and at 5 years it remained 37% lower than that of the initial placebo group, even though all 
patients had received treatment after 2 years. Conversion to McDonald criteria MS was reduced by 46% at year 3 and 45% at year 
5. New lesion formation was markedly reduced throughout the 5 years of follow-up, and disability progression was still decreased 
by 24% but this did not reach statistical significance.[42] 

The results of this trial provide additional support for the benefits of early treatment and suggest that these advantages are 
retained for years after the start of therapy. Given the natural history of the disease and the extensive damage caused by inflam-
matory disease activity it is not surprising that earlier treatment with agents that suppress inflammation is more effective.

PRECISE

The PRECISE trial was similar to the other trials and evaluated the effects of GLAT in patients presenting with CIS and an abnormal 
MRI with at least 2 asymptomatic lesions on MRI. This 3-year trial enrolled 481 patients who were randomly assigned to receive 
placebo or GLAT.[43] Patients experiencing a second clinical event were switched to active treatment, and all patients were moved 
to active treatment at the end of the 3-year trial. Patients in the GLAT arm had a 45% reduction in the risk for CDMS, and the time 
to CDMS was delayed 386 days (P = .0005). New T2 lesions were reduced by 56%, and gadolinium-enhancing lesions were reduced 
by 62%. The number of new T1 hypointense lesions decreased 80%. These results clearly demonstrate that GLAT is effective in 
lowering the risk for conversion to CDMS. Moreover, the effects observed on MRI are far more robust than those observed in early 
clinical trials.

Clinical trials in patients who experience the earliest clinical events associated with MS convincingly demonstrate a benefit of early 
treatment. Despite different patient populations and different IMAs used at differing doses, all of the trials were overwhelmingly 
positive. Each trial showed a reduction in the risk for CDMS, and each agent was associated with a beneficial effect on MRI metrics. 
Not all of the trials were powered to detect an effect on disability progression, but the BENEFIT trial clearly demonstrated a reduc-
tion in the progression of disability. Long-term follow-up of patients in the CHAMPS trial and in the BENEFIT trial suggested that 
the advantages of early treatment persisted for 5 to 10 years. A more definitive demonstration of the benefits of early treatment is 
evident in long-term follow-up studies in patients enrolled in the earliest clinical trials. Again, this body of literature demonstrates 
that patients with RRMS who were treated earlier fared better than those for whom treatment was delayed.

The Long-Term Follow-up Cohorts

Several long-term follow-up studies have provided evidence that strongly supports the need for early treatment in MS. Each of 
these is an open-label long-term study in which patients who were enrolled in pivotal clinical trials were ascertained at points in 
time long after the original trial. All of the long-term follow-up studies suffer from biases that cannot be avoided in this type of 
evaluation. That being said, they are all informative and provide evidence suggesting that patients treated earlier in the course 
of their disease have far better long-term outcomes. The IFN beta-1b clinical trial began in 1988 and concluded in 1993.[28] Six-
teen years after the trial ended, in 2005, the investigators located 328 of the original 372 (88.2%) patients in the trial.[18] Of those 
patients, 35 were deceased and 293 were still alive; 253 of those agreed to participate in a cross-sectional study to evaluate clinical 
outcomes, MRI metrics, cognition, quality of life, and resource utilization. Of the patients initially randomly assigned to placebo, 
20 had died compared with 6 in the group randomly assigned to receive IFN beta-1b. Although the causes of death are unknown, 
clearly there were many more deaths in the group originally assigned to placebo.

For clinical outcomes, the groups were divided into those who were continuously treated with IFN beta-1b during the 16-year 
follow-up and those who were not continuously treated with IFN beta-1b or other IMAs. The time to EDSS 6 was 8.4 years in the 
group not on continuous treatment and 13.1 years in the group on continuous treatment, a delay of 4.7 years (P = .016). The con-
version to SPMS was also reduced in the group receiving continuous treatment. The time to conversion to SPMS was 11.4 years in 
the group that did not receive continuous treatment and 17.9 years in the group that did receive continuous treatment. This con-
stitutes a delay of 6.6 years (P = .003). These results provide compelling support for the benefit of early and continuous therapy. Of 
note, those who respond to therapy are far more likely to stay on therapy. Poor responders are likely to have a greater frequency of 
relapse and disability progression and are more likely to stop therapy, which creates a bias in the data set.

The Prevention of Relapses and Disability by IFN beta-1a Subcutaneous in Multiple Sclerosis (PRISMS) study enrolled 560 patients 
with RRMS who were randomly assigned to receive placebo, IFN beta-1a 22 µg 3 times weekly or 44 µg 3 times weekly.[44,45] At the 
end of the trial, the placebo group was randomly assigned to active treatment with 22 µg 3 times weekly or 44 µg 3 times weekly. 
As expected, disability progression was greatest in the group that was initially assigned to placebo and then treated with the 
lower dose. The group initially assigned to placebo and then treated with 44 µg 3 times weekly had disability progression compa-
rable to that seen in the group receiving the low dose over the 4-year period. The group initially assigned to the high dose had the 
least disability progression, again suggesting that patients treated earlier had better 4-year outcomes.
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A long-term follow-up evaluation of the original PRISMS population evaluated the available group in cross-section 8 years after 
the trial began[17]; 68% of the patients were available for evaluation. Of note, relapse rates remain lowest in the group initially 
assigned to receive IFN-beta-1a 44 µg 3 times weekly. This is consistent with results of the 10-year follow-up of patients from the 
CHAMPS study who were treated with intramuscular IFN beta-1a.[37] Lesion burden on T2-weighted MRI was also best in the group 
initially assigned to receive IFN beta-1a 44 µg 3 times weekly, and the rate of conversion to SPMS was reduced compared with 
natural history cohorts. Once again, these results suggest that patients treated early fare better at long-term follow-up.

One of the most informative long-term follow-up cohorts is the population of patients enrolled in the pivotal trial that led to the 
approval of GLAT.[44] Patients were randomly assigned to receive placebo or GLAT and continued in the double-blind trial for 3 
years. At the conclusion of the trial, all patients were offered open-label treatment with GLAT and have been followed prospec-
tively ever since. At the 6-year timepoint, patients initially assigned to the placebo group were more likely to have worsened 
by 1 EDSS point, but relapse rate did not differ.[45] Those initially randomly assigned to receive GLAT were also less likely to have 
gadolinium-enhancing lesions. At 10-year follow-up, patients who remained on GLAT were more likely to be stable or improved 
compared with those who stopped therapy (55% vs 28%).[45] 

Taken together, the results of the long-term follow-up consistently support a benefit of early intervention in patients with MS. In 
the CHAMPS 10-year follow-up, relapse rates remained lower in the early treatment group even at the 10-year follow-up. This 
effect was also evident in the PRISMS long-term follow-up. In the BENEFIT 5-year follow-up, the risk for conversion to CDMS was 
still reduced by 37%.

Summary and Conclusions

The clinical course of MS is variable, but in the long-term, untreated patients accumulate disability in the process of relapse and 
with secondary progression. Early in the course of disease, the process is one in which inflammatory disease activity leads to 
demyelination and axonal loss. Bouts of inflammatory disease activity are followed by tissue loss and an increasing burden of 
disease on T2-weighted MRI scans. Eventually, in the secondary progressive phase, the inflammatory process subsides and a 
degenerative process becomes dominant.

Theoretically, early treatment should significantly limit inflammatory disease activity and modify the process of tissue injury. This 
has been largely substantiated in 4 clinical trials evaluating the effects of IMAs in patients with CIS. The benefits demonstrated in 
these trials revealed effects that were more robust than those observed in populations of patients with established RR disease. 
Further, the benefits conferred by early treatment persisted at 5 and even 10 years of follow-up. Finally, the results long-term 
follow-up studies of patients enrolled in early clinical trials demonstrated that early and consistent therapy was associated with 
better outcomes many years later. As a result of this body of knowledge, early treatment has now become the accepted standard 
of care in those with MS.
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