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Introduction

For the patient with multiple sclerosis, the decision to 
initiate treatment with a disease-modifying agent, such 
as a β-interferon or glatiramer acetate, has important 
consequences. Such treatments bring undoubted bene-
fits in reducing the risk of relapse and, potentially, the 
risk of acquiring irreversible neurological disability, but 
also impose constraints on the patient due to the need 
for regular self-injection, and the risk of potential side-
effects. It is therefore important to envisage initiating 

treatment when the relative benefit of so doing is the 
greatest. In this respect, it could be argued that treat-
ment should be started as soon as a diagnosis has been 
made. The arguments in favour of such a strategy are re-
viewed in this article.

The possibilities for early treatment initiation have 
been greatly enhanced by advances in our ability to di-
agnose multiple sclerosis early, due essentially to devel-
opments in magnetic resonance imaging (MRI) technol-
ogy. Diagnosis of multiple sclerosis requires evidence 
for dissemination of lesion activity in time (sequen-
tial appearance) and space (multiple brain regions in-
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volved). Historically, this evidence was acquired from 
clinical observation of multiple attacks. However, MRI 
technology allows the demonstration of new or aggra-
vated lesion activity within the nervous system, even 
when this is clinically silent. Consensus guidelines on 
standardised criteria for the diagnosis of multiple scle-
rosis which integrate the use of MRI have been estab-
lished. These were published in 2001 [13] and have since 
been rapidly integrated into routine clinical practice. In 
particular, these specify that the appearance of a single 
new lesion visible on T2-weighted images or of a new 
gadolinium-enhancing lesion on T1-weighted images 
provides evidence for dissemination in time. Dissemi-
nation in space can be demonstrated by the observation 
of T2 lesion load fulfilling at least three of the Barkhof 
criteria or by the presence of at least two T2 lesions to-
gether with the presence of oligoclonal bands in the ce-
rebrospinal fluid. The Barkhof criteria for MRI evidence 
for a diagnosis of multiple sclerosis involve presentation 
of (a) one Gadolinium-enhanced lesion or the presence 
of nine or more T2 lesions, (b) one infratentorial lesion, 
(c) one juxtacortical lesion and (d) three periventricu-
lar lesions [1].

The use of these diagnostic criteria has permitted the 
diagnosis of multiple sclerosis to be made more rapidly 
after the occurrence of a clinically isolated neurological 
syndrome (CIS) suggestive of a multiple sclerosis attack, 
since it is no longer necessary to wait for the occurrence 
of a second clinically manifest attack before making the 
diagnosis if the MRI criteria are fulfilled. In a cohort of 
139 patients presenting in our clinic with a CIS [19], a 
diagnosis of multiple sclerosis could be assigned within 
twelve months of initial presentation to 37 % of patients 
using the new McDonald criteria, compared to only 11 % 
if diagnosis had been made on clinical criteria alone, as 
previously recommended [18]. The question then arises 
as to whether these patients who are being diagnosed 
earlier would benefit from earlier initiation of treat-
ment. Evidence in support of this has come from patho-
logical studies of the disease process in multiple sclero-
sis, from natural history studies and from randomised 
controlled trials of disease-modifying treatments in pa-
tients presenting with a CIS.

Lessons from histopathology

Considerable data have now accrued from histopath-
ological studies suggesting that axonal damage occurs 
early in the disease process in multiple sclerosis and 
is intimately associated with the acute inflammatory 
phase of lesion development [11, 21]. Axonal damage is 
believed to represent the principal pathophysiological 
determinant of development of permanent neurologi-
cal disability. A quantitative study of recent axonal dam-
age using the immunocytochemical marker APP (amy-

loid precursor protein) has revealed that the density of 
damaged axons is around five times higher in plaques 
isolated from patients within the first year after disease 
onset compared to those from patients with a disease 
duration of ten years or more (Fig. 1; [11]). The same 
study also demonstrated a clear association between the 
extent of acute axonal injury and the inflammatory pro-
cess, as measured by the extent of infiltration by CD3-
positive T cells, in both plaques and adjacent white mat-
ter.

It should not be neglected that, although inflamma-
tion is a major mechanism of tissue damage in multiple 
sclerosis, it also may have beneficial aspects. In partic-
ular, infiltrating inflammatory cells have been demon-
strated to release a cocktail of neurotrophic factors that 
may play a role in limiting the extent of axonal dam-
age or in promoting axonal repair [7]. Harnessing this 
potential neuroprotective effect may represent a par-
ticularly attractive therapeutic strategy for attenuat-
ing irreversible accumulation of disability. As such, dis-
ease-modifying treatments aimed at enhancing natural 
neuroprotective immunity would need to be given early 
in the disease course, when acute axonal injury is at its 
most intense and when the density of neurotrophin-se-
creting immune cells in lesion sites is highest.

Lessons from natural history studies

Natural history studies can provide important informa-
tion about the anticipated long-term outcome in mul-
tiple sclerosis and thus help guide treatment decisions. 
The key findings from these studies are that the early 
course of disease can influence long-term outcome and 
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Fig. 1  Density of amyloid precursor protein (APP) staining axons in lesions from 
multiple sclerosis patients as a function of disease duration. I: less than one year; II: 
one to five years; III: five to ten years; IV: over ten years. Data are taken from Kuhl-
mann et al. [11], with permission from Oxford University Press. Copyright 2002
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that there is a window of opportunity early on in treat-
ment where it may be possible to inflect the long-term 
course of disease.

It has been considered that some patients may have 
a ‘benign’ form of multiple sclerosis in which recovery 
from relapses is always complete and irreversible dis-
ability may never appear. It could be argued that treat-
ment of such patients with current immunomodulatory 
treatment may not be necessary or desirable. However, 
such a decision would imply that disease always remains 
‘benign’ in these patients and never evolves, an idea that 
is far from universally accepted. The interest of treating 
patients with ‘benign’ disease is thus controversial. A re-
cent report [17] assessed disability outcome in a group 
of 49 patients in the Olmstead County survey who had 
been originally considered to present ‘benign’ multiple 
sclerosis since they had not reached an EDSS score of 4.5 
ten years after their diagnosis. These patients were reas-
sessed a further ten years on, and at this time, it was ob-
served that 30 % of these patients had progressed (Fig. 2), 
and thus that ‘benign’ status was lost if the observation 
period was sufficiently long. This was especially relevant 
in patients with an EDSS at 10 years between 2.5 to 4.0. 
In the light of such findings, the notion of ‘benign’ mul-
tiple sclerosis may not be justified, at least in terms of 
orienting treatment decision-making, particularly since 
patients with ‘benign’ disease may evolve and develop 
disability. 

The predictive value of the early clinical course of 
multiple sclerosis with respect to subsequent disease 
course and accrual of disability has also been contro-
versial. Important information addressing this issue has 
come from cohorts of patients followed prospectively 

over the course of the disease. One of the best-studied 
cohorts was originally established in 1972 in London, 
Ontario, Canada which includes over one thousand pa-
tients [23]. An analysis of the clinical factors associated 
with disability progression has been performed in this 
cohort [22], which evaluated the influence of three vari-
ables, namely the initial relapse rate, the first inter-attack 
interval and the initial rate of disability progression, on 
the time taken to reach an EDSS score of six. This is a 
clinically important landmark, as it represents the mo-
ment when the patient is no longer able to walk unaided. 
Using actuarial survival analysis, significant differences 
in the survival distribution for this landmark, with re-
spect to all three variables. The data obtained for the ini-
tial relapse rate are presented in Fig. 3. It can be seen that 
the median time to reach EDSS 6 is clearly related to 
the number of attacks during the first two years. Stud-
ies such as this suggest that the early disease course may 
determine long-term disability outcome, with the cor-
ollary that treatments that slow down the early course 
could have a potentially beneficial effect on long-term 
outcome if initiated sufficiently early. 

A recent systematic review of predictors of long-term 
disability in patients with relapsing-remitting multiple 
sclerosis evaluated data from 27 studies that were se-
lected on the basis that they enrolled at least forty sub-
jects who were followed for at least five years with a re-
tention rate of at least eighty percent [12]. The variable 
that was found to be the strongest predictor of prognosis 
was a short interval between the first and second attack. 
The most robust finding from the extensive number of 
randomised clinical trials performed with immuno-
modulatory treatments has been that these reduce re-
lapse rate, thus increasing the interval between two suc-
cessive attacks. Taking these two pieces of information 
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Fig. 2  Evolution of Expanded Disability Summary Scale (EDSS) score in 38 patients 
designated as presenting ‘benign’ multiple sclerosis on the basis of an EDSS score 
of three or less ten years after diagnosis. �: EDSS assessment made in 1991, at least 
ten years after the original diagnosis; �: EDSS assessment made in 2001, ten years 
after attribution of ‘benign’ status. Reprinted from Pittock et al. [17] with permis-
sion from John Wiley & Sons, Inc. Copyright 2004 American Neurological Associ-
ation

Fig. 3  Kaplan-Meier analysis of the time to reach an Expanded Disability Summary 
Scale (EDSS) score of six as a function of the number of attacks in the first two years 
following diagnosis in a Canadian cohort of 1099 patients with relapsing remitting 
multiple sclerosis. Yellow: less than two attacks; red: two to four attacks; green: 
more than four attacks. The survival curves are significantly different (p < 0.0001: 
logrank test). Adapted from Weinshenker et al. [22] , with permission
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together, there is thus a cogent reason for initiating im-
munomodulatory treatment early in the disease course.

A cohort of patients presenting with a clinically iso-
lated syndrome has been followed for over twenty years 
at the Institute of Neurology in London. Analyses of out-
come have been made at time horizons of five [14], ten 
[16], fourteen [2] and twenty years [6]. The sequential 
analyses of this database revealed that the proportion 
of patients who acquire a diagnosis of clinically definite 
multiple sclerosis at a given time point is related to the 
MRI lesion load at initial presentation. Of the patients 
with more than three visible lesions at presentation, 
85 % have converted to clinically definite multiple scle-
rosis within five years, whereas this proportion is only 
achieved after ten years for those with less than three 
lesions (Table 1). Furthermore, a moderate association 
was also observed between a higher lesion load at ini-
tial presentation with a higher probability reaching an 
EDSS score of six, corresponding to loss of the ability to 
walk unaided (Fig. 4). 

Similarly, we have followed a cohort of 175 consec-
utive patients presenting with a clinically isolated syn-
drome at our multiple sclerosis centre in Barcelona [20]. 

We assessed the MRI features observed at original pre-
sentation and subsequent acquisition of disability, which 
we defined as reaching an EDSS score of three. The max-
imum possible follow-up period at the time of the anal-
ysis was ten years. When patients were categorised ac-
cording to the number of Barkhof criteria fulfilled at 
baseline, a clear association with the probability of ac-
quiring disability was observed (Fig. 5). Patients with 
a baseline MRI fulfilling three or four Barkhof criteria 
presented an adjusted hazard ratio of 3.9 (1.1 to 13.6) 
for reaching an EDSS score ≥ 3.0 compared to those ful-
filling none of the Barkhof criteria. Consistent with this, 
the EDSS score at year five correlated with the number of 
Barkhof criteria fulfilled at baseline (r = 0.46, p < 0.0001). 
Another important point to emerge from these data is 
that these patients did not start to develop disability 
until relatively late. In the highest risk group (three or 
four Barkhof criteria fulfilled at baseline), only 10 % had 
reached this disability threshold at year five, but there-
after disability emerged rapidly, with 40 % reaching this 
threshold at eight years (Fig. 5). The first five years thus 
represent the time frame where we could expect that ini-
tiation of an effective treatment would allow subsequent 
accumulation of disability to be minimised. 

Patients presenting with a CIS between 1995 and 
2001 and belonging to the referred cohort were invited 
to initiate β-interferon therapy after a second attack, 
provided this occurred within the first three years af-
ter the CIS. Patients were then followed prospectively 
for two more years on treatment with β-interferon. Af-
ter this period, patients with an EDSS progression of one 
point confirmed at six months and sustained until the 
end of follow up were identified. There were no signif-
icant differences between patients with confirmed in-
crease of disability and those without in terms of age, sex 
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Fig. 4  Association between number of T2 lesions observed on baseline MRI in 71 
patients presenting with an initial attack and the proportion of patients reaching a 
score of at least six on the Expanded Disability Summary Scale (EDSS) after a mean 
follow-up period of 14.1 years. Adapted from Brex et al. [2]

Table 1  Proportion of patients presenting with a clinically isolated syndrome to 
convert to clinically definite multiple sclerosis as a function of the number of T2 le-
sions observed on baseline MRI. Data have been compiled from Brex et al., Mor-
rissey et al., O’Riordan et al. [2, 14, 16]

 Follow-up duration N° of Number of T2 lesions at baseline
   patients
    None One to three More than three

 Five years 89  6 % 55 % 85 %

 Ten years 81 11 % 79 % 86 %

 Fourteen years 71 19 % 89 % 88 %
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Fig. 5  Association between number of Barkhof criteria fulfilled on baseline MRI in 
patients presenting with an initial attack and probability of acquiring disability. The 
definition of disability was a score of at least three on the Expanded Disability Sum-
mary Scale (EDSS). Reproduced from Tintoré et al. [20], with permission
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disease duration, number of relapses and disability be-
fore interferon or MRI baseline characteristics. Patients 
with a confirmed increase of disability after 24 months 
of therapy with interferon-β presented a higher number 
of new lesions on MRI over the first twelve months af-
ter the CIS. Regression analysis also confirmed that the 
only factor that predicted disability progression was the 
number of new T2 lesions 12 months after the CIS. These 
data seem to indicate that early MRI changes appearing 
after a CIS may have a prognostic value (manuscript in 
preparation).

Lessons from clinical trials

A number of clinical trials have been performed to in-
vestigate the potential benefit associated with the use of 
immunomodulatory treatments in patients presenting a 
CIS. Three of these have been completed and published 
and two more clinical trials are still underway.

The CHAMPS study [8] evaluated interferon β 1a im 
in a randomised, double-blind, placebo-controlled trial 
of 383 patients who had undergone a first clinically 
manifest acute demyelinating event and presented MRI 
evidence for previous subclinical demyelination. The 
treatment follow-up period was three years. Outcome 
measures were conversion to clinically definite multiple 
sclerosis and changes in MRI parameters. The CHAMPS 
study demonstrated a significantly (p = 0.002) lower cu-
mulative probability of conversion to clinically definite 
multiple sclerosis in the interferon β 1a im treatment 
group, with a relative risk of conversion compared to the 
placebo group of 0.56 [95 % confidence interval, 0.38–
0.81]. With respect to MRI measures, a reduced T2 lesion 
volume (p < 0.001), fewer new or enlarging T2 lesions 
(p < 0.001), and fewer gadolinium-enhancing T1 lesions 
(p < 0.001) were observed in patients treated with inter-
feron β 1a im after eighteen months follow-up compared 
to the placebo group. An extension study with a five year 
follow-up (CHAMPIONS) appeared to confirm the sig-
nificant benefit conferred by early treatment in terms 
of relapses and MRI activity, though no differences in 
mean EDSS were seen (Kinkel et al., 2006). 

The ETOMS trial [4] was a randomised, double-blind 
trial comparing interferon β 1a sc 22 μg to placebo in 308 
patients who had presented a first episode of neurologi-
cal dysfunction suggesting multiple sclerosis within the 
three months prior to inclusion, accompanied by MRI 
findings consistent with demyelination. Patients were 
treated for two years and evaluated clinically every six 
months and with MRI every twelve months. The ETOMS 
trial also showed that immunomodulatory treatment was 
useful in preventing or delaying a second attack. Fewer 
patients developed clinically definite multiple sclero-
sis in the interferon β 1a sc 22 μg treatment group (34 %) 
compared to the placebo group (45 %; p = 0.047). Accord-

ing to actuarial survival analysis, the time by which 30 % 
of patients had converted to clinically definite multiple 
sclerosis was also significantly longer (569 days) in the 
interferon β 1a sc 22 μg group compared to the placebo 
group (252 days; p = 0.034). The hazard ratio for conver-
sion was 0.69. The study also found the number of new 
T2 lesions and the increase in lesion burden to be signif-
icantly lower with interferon β 1a sc 22 μg treatment. Ad-
ditional data on brain volume have demonstrated that 
patients treated with interferon β 1a sc showed a signifi-
cant slowing in the loss of brain tissue at two years com-
pared with patients on placebo reducing the accumula-
tion of brain atrophy by about 30 % in 2 years [5]. 

Interferon β 1b sc was evaluated in 468 patients with 
a first clinical demyelinating event and at least two clin-
ically silent brain MRI lesions in the BENEFIT study 
[9]. Over the two year treatment period, 45 % of pa-
tients receiving placebo converted to clinically definite 
multiple sclerosis, compared to 28 % in the interferon 
β 1b sc treatment group. This represents a reduction in 
risk corresponding to an adjusted hazard ratio of 0.50 
(p < 0.0001). Interferon β 1b prolonged the time to clin-
ically definite multiple sclerosis by 1 year based on the 
25th percentiles.

Two further studies are underway in patients with re-
cent-onset disease. The first is the REFLEX (REbif FLEX-
ible dosing in early multiple sclerosis) study to evaluate 
the effect of two dosage regimens of interferon β 1a sc 44 
μg, three times a week or once a week on the time to con-
version to multiple sclerosis in people with first clinical 
symptoms suggestive of the disease. This trial will in-
volve 480 patients considered at risk of developing mul-
tiple sclerosis because of a recently experienced isolated 
demyelinating event and of typical MRI brain scans. The 
treatment period is planned to be two years, with six-
monthly clinical evaluations and three-monthly MRI 
scans.
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The second ongoing study is the PreCISe study (cited 
in [15] which is evaluating the benefit of glatiramer ac-
etate in patients presenting with a CIS. Four hundred 
and eighty-two patients presenting with a single uni-
focal clinical attack in the previous three months and 
at least two MRI lesions suggestive of multiple sclero-
sis have been enrolled. The study uses a randomised, 
placebo-controlled, double-blind parallel group design 
(Fig. 7). The double-blind treatment period is planned to 
last for three years and will be followed by an open- label 
extension until five years from randomisation, when all 
patients will receive glatiramer acetate. Patients will be 
evaluated every six months. The primary outcome mea-
sure will be conversion to clinically definite multiple 
sclerosis. All patients converting during the double blind 
treatment period will have reached a predefined study 
endpoint and will be proposed entry into the open-la-
bel extension. The PreCISe study started in 2004 and an 
interim analysis will be conducted at the time when ap-
proximately 80 % of the three-year placebo controlled 

study exposure will be accumulated. Given previous re-
sults with β-interferons in CIS and the fact that glat-
iramer acetate has shown efficacy in patients with con-
firmed multiple sclerosis, this treatment is expected also 
to be effective in a less severe type of MS such as patients 
presenting with a CIS. 

Conclusions

What happens very early on in the disease course has an 
important impact in the development in disability in the 
long term, since irreversible axonal damage sets in from 
the earliest stages of disease. The window of opportunity 
may thus increase when immunomodulatory treatments 
are given early. This indeed could be expected from what 
we now know about the evolving pathogenetic role of 
the immune system along the disease course in multi-
ple sclerosis (discussed by Wiener elsewhere in this vol-
ume). It is clear from the different clinical trials that, if 
immunomodulatory drugs are used in the first attack, 
their efficacy range is in the order of 40–60 %, whereas 
when these same agents are used in established relaps-
ing remitting disease, their efficacy range has fallen to 
around 30 %. In secondary progressive multiple sclero-
sis, their efficacy, if there is any, has fallen still further 
to 5–10 %. Similar observations have been made for the 
anti-CD52 monoclonal antibody alemzutumab, which is 
clearly highly efficacious in reducing disease activity in 
relapsing remitting patients, but seems to have little, if 
any, beneficial effect once disease has evolved to a sec-
ondary progressive course [3]. The inescapable conclu-
sions from this clinical research are that choosing the 
right time to introduce treatment is critically important 
for outcome and the earlier treatment is initiated, the 
better the outcome.

■ Disclosure  Receipt of grants and contracts from Schering Bayer, 
Biogen-Idec, Serono and Teva; receipt of honoraria or consultation 
fees from Schering Bayer, Biogen-Idec, Serono and Teva.
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Fig. 7  Design of the PreCISe study of glatiramer acetate (GA) in patients with a 
clinically isolated syndrome. CDMS: clinically definite multiple sclerosis
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