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Objective: To determine whether immediate initia-
tion of treatment at the time of a clinically isolated syn-
drome in patients at high risk for clinically definite mul-
tiple sclerosis alters disease course over 10 years.

Design: Prospective follow-up study.

Setting: Twenty-four Controlled High-Risk Subjects
Avonex Multiple Sclerosis Prevention Study (CHAMPS)
sites in the United States and Canada.

Participants: A total of 81 patients originally ran-
domly assigned to receive intramuscular interferon beta-1a
(the immediate-treatment group) and 74 patients origi-
nally randomly assigned to receive placebo (the delayed-
treatment group). All patients were from CHAMPS.

Intervention: For the immediate-treatment group, treat-
ment was initiated within a month after the onset of a
clinically isolated syndrome, and for the delayed-
treatment group, treatment was initiated a median of 30
months (interquartile range, 24-35 months) after
CHAMPS randomization.

Main Outcome Measures: Rate of developing clini-
cally definite multiple sclerosis, annualized relapse rate,

disease course classification, disability measures, and mag-
netic resonance imaging measures.

Results: The immediate-treatment group showed a lower
10-year rate of clinically definite multiple sclerosis (un-
adjusted hazard ratio, 0.64 [95% CI, 0.48-0.87]; P=.004)
and a lower annualized relapse rate between years 5 and
10 (P=.03). There was no differential effect on disabil-
ity, magnetic resonance imaging T2-weighted lesions, or
the proportion of patients developing progressive dis-
ease at 10 years. Few patients reached the Expanded Dis-
ability Status Scale milestone scores of 4.0 or greater (9%
of patients) or 6.0 or greater (6% of patients).

Conclusions: Immediate initiation of intramuscular in-
terferon beta-1a at the time of a clinically isolated syn-
drome in high-risk patients reduces relapse rates over 10
years but does not improve disability outcomes com-
pared with a control group that also initiated therapy rela-
tively early in the disease course.

Trial Registration: clinicaltrials.gov Identifier:
NCT00179478
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A LL INTERFERON BETA FOR-
mulations and glatiramer
acetate have been shown to
delay the short-term risk of
developing clinically defi-

nite multiple sclerosis (CDMS) in high-
risk patients who had a clinically isolated
syndrome (CIS).1-4 Despite this consis-
tent treatment effect, there is as yet no evi-
dence that delaying the diagnosis of CDMS
or decreasing relapse rates in this early, “at-
risk” MS population improves long-term
outcomes compared with delaying the ini-
tiation of therapy until patients demon-

strate evidence of continued disease ac-
tivity by clinical or magnetic resonance
imaging (MRI) measures.5,6

To our knowledge, the Controlled
High-Risk Subjects Avonex Multiple Scle-
rosis Prevention Study (CHAMPS) was the
first study to demonstrate the benefit of
disease-modifying therapy in high-risk pa-
tients who had a CIS.1 The Controlled
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High-Risk Avonex Multiple Sclerosis Prevention Study
In Ongoing Neurological Surveillance (CHAMPIONS) was
conducted to determine whether patients in CHAMPS
who initiated therapy with intramuscular interferon
beta-1a (Avonex; Biogen Idec, Weston, Massachusetts)
at the time of CIS onset (the immediate-treatment [IT]
group) continued to experience treatment benefits com-
pared with those who initiated treatment later (the de-
layed-treatment [DT] group).5 The results of
CHAMPIONS showed that the IT group experienced a
lower rate of CDMS than did the DT group over 5 years,
although very few patients in either group developed any
significant disability. These 5-year results prompted us
to continue CHAMPIONS for 10 years.

METHODS

PATIENTS

Patients participating in the original CHAMPIONS were eligible
tocontinueinthe10-yearextensionif theyprovidedinformedcon-
sent and had no alternative neurologic diagnosis other than MS
followingenrollmentinCHAMPS.Theprotocolandinformedcon-
sent formswereapprovedbythe institutional reviewboardateach
study site, and all patients gave written informed consent.

STUDY DESIGN

The entry criteria and protocol for CHAMPIONS have previously
been described.5 All patients at CHAMPS sites willing to partici-
patewere informedof the study results andgiven theopportunity
to participate in CHAMPIONS without knowledge of their treat-
ment assignment during CHAMPS. Patients originally randomly
assigned toreceive30µgof intramuscular interferonbeta-1aonce
a week were characterized as the IT group, and those randomly
assigned to receive placebo were characterized as the DT group.
All patients were offered, but not required to take, 30 µg of intra-
muscular interferon beta-1a once a week at enrollment. All MS-
relateddisease-modifyingtherapiesandsymptomatictherapies(with
the exclusion of investigational therapies) were prescribed at the
discretion of the study investigator and in accordance with local
practices. The study protocol did not include the measurement of
neutralizing antibodies against interferon beta.

During CHAMPIONS, it was decided to extend follow-up
through 10 years from the original CHAMPS randomization.
Study visits occurred annually with additional urgent visits to
evaluate relapses.

STUDY OUTCOMES

The primary outcome measure in both CHAMPS and
CHAMPIONS was the development of CDMS. This was deter-
mined by review of suspected cases by an independent blinded
outcomes committee that maintained the same outcome defi-
nitions used in CHAMPS.

The following secondary outcomes in CHAMPIONS were de-
termined at each annual visit by either the unmasked neurolo-
gist at the study site or a designee: number of relapses; disease
course classification (relapsing active, stable and progressive ac-
tive, or stable, based on status over previous year); and neuro-
logic disability as measured by Expanded Disability Status Scale
(EDSS)7 and Multiple Sclerosis Functional Composite (MSFC)
scores.8 Patients were classified as progressive at the end of the
study if they were progressive active at any study visit and did
not revert to relapsing stable at any subsequent time point. The

following secondary outcomes were determined by the central
MRI reading center (masked to previous/current treatment): num-
ber of new or enlarging T2-weighted lesions, change in T2-
weighted lesion volume from CHAMPS baseline to 10 years, and
number of gadolinium-enhancing lesions at 10 years. Serious ad-
verse events were monitored throughout the study.

STATISTICAL METHODS

Statistical analysis of CHAMPIONS data was conducted as in
the CHAMPS trial, as appropriate. Two-sided tests of signifi-
cance were used; all analyses were conducted as intention-to-
treat, with no correction for time on or off treatment. Kaplan-
Meier rates for the development of CDMS were calculated using
timing from the first month. Analysis of CDMS in combina-
tion with MRI-detected lesions included patients with 10-year
MRI data. Analysis of CDMS included all 383 patients origi-
nally randomly assigned in CHAMPS. Patients who did not meet
the criteria for CDMS were censored on the date of the last neu-
rologic evaluation (during either CHAMPS or CHAMPIONS).
Unadjusted and adjusted hazard ratios were determined from
a proportional hazards model. A multivariate model was ad-
justed for age, presenting event, number of baseline brain MRI
T2-weighted lesions, and number of gadolinium-enhancing le-
sions at baseline. The effect modification related to these fac-
tors was assessed with interaction terms in the model. Pos-
sible violations of the proportional hazards assumption were
checked using time-dependent variables. Other outcomes were
compared between the IT and DT groups using the Fisher ex-
act test or the Wilcoxon rank sum test as indicated. Analyses
of disease course, EDSS scores, and MSFC scores were limited
to patients who completed the 10-year evaluation. To accom-
modate an initial patient learning curve, reference values ob-
tained after the 5-year visit were used only when the 5-year visit
was the first time an MSFC test was administered. The MSFC
z scores were calculated using the 5-year value (for 113 pa-
tients) or the value obtained during the next examination (for
2 patients at their 5.5-year visit, 11 patients at their 6-year visit,
and 1 patient at his or her 7-year visit) as the reference value.
Because of the large number of statistical comparisons per-
formed in the analysis, P values of .01 or greater were not con-
sidered statistically significant for secondary outcomes.

RESULTS

ACCOUNTING OF PATIENTS
AND TREATMENTS

Figure 1 provides an accounting of patients from
CHAMPS through the 10-year extension study. An equal
distribution of patients from the original CHAMPS in-
terferon beta-1a (n=100) and placebo (n=103) groups
enrolled in the CHAMPIONS 5-year extension, but a
slightly higher number of patients from the IT group en-
rolled in the 10-year extension (81 patients for IT group
vs 74 patients for DT group). Reasons for not participat-
ing in the 10-year extension included the following: the
patient was lost to follow-up (n=13), moved (n=4), re-
fused to participate (n=5), was deceased (n=1), was par-
ticipating in another study (n=1), or no reason was given
(n=4). The 28 CHAMPIONS patients at the 24 eligible
sites who did not participate in the 10-year extension were
predominately from the original CHAMPIONS DT group
(19 patients [68%]) and had a higher rate of conversion
to CDMS at 5 years (16 patients [57%]) than did the 155
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193 (50%) Randomized to
receive interferon β-1a

Patients enrolled in CHAMPS (50 sites participating)383

190 (50%) Randomized to
receive placebo

99 Were from CHAMPIONS
site (1 was transferred

from another site)

68 (84%) Completed 10-year
evaluation (median follow-up

time, 10.1 years)

13 (16%) Did not complete 10-year
evaluation (median follow-up

time, 8.0 years)

59 (80%) Completed 10-year
evaluation (median follow-up

time, 10.1 years)

15 (20%) Did not complete 10-year
evaluation (median follow-up

time, 7.9 years)

101 Were from CHAMPIONS
site (2 were transferred

from another site)

81 Enrolled in CHAMPIONS 10-year extension
(81% of CHAMPIONS and 42% of CHAMPS participants)

74 Enrolled in CHAMPIONS 10-year extension
(72% of CHAMPIONS and 39% of CHAMPS participants)

100 Were from CHAMPIONS 5-year
follow-up immediate-treatment group

(52% of CHAMPS participants)

103 Were from CHAMPIONS 5-year
follow-up delayed-treatment group

(54% of CHAMPS participants)

Figure 1. Progression from the Controlled High-Risk Subjects Avonex Multiple Sclerosis Prevention Study (CHAMPS) through the Controlled High-Risk Avonex
Multiple Sclerosis Prevention Study in Ongoing Neurological Surveillance (CHAMPIONS). Thirty-two of the 50 CHAMPS sites participated in the CHAMPIONS
5-year follow-up (a total of 293 CHAMPS patients at these 32 sites). Twenty-four of the 32 CHAMPIONS 5-year follow-up sites participated in the CHAMPIONS
10-year extension (a total of 183 CHAMPS patients at these 24 sites). The percentages in the bottom row of boxes are based on the participants enrolled in the
10-year extension. The percentage among all CHAMPS participants who completed the 10-year evaluation was 35% in the immediate-treatment group and 31% in
the delayed-treatment group. The median follow-up time for all subjects participating in the 10-year extension was 10.0 years.

Table 1. Baseline Demographic and Clinical Characteristics of Patients in CHAMPIONS 10-Year Follow-up at Onset of CHAMPS

Characteristic

Patients, No. (%)

Totala

(n=155)
Immediate Treatment

(n=81)
Delayed Treatment

(n=74)

Age, mean (SD), y 34 (7) 35 (7) 34 (7)
White 141 (91) 72 (89) 69 (93)
Female 113 (73) 60 (74) 53 (72)
Family history of MS 15 (10) 10 (12) 5 (7)
Presenting event

Brainstem-cerebellar syndrome 40 (26) 21 (26) 19 (26)
Optic neuritis 78 (50) 40 (49) 38 (51)
Spinal cord disease 37 (24) 20 (25) 17 (23)

EDSS scoreb

�1.5 102 (66) 47 (58) 55 (74)
2.0-2.5 39 (25) 24 (30) 15 (20)
�3.0 14 (9) 10 (12) 4 (5)

No. of MRI T2-weighted lesionsc

2-8 40 (26) 22 (28) 18 (25)
9-13 49 (32) 25 (31) 24 (33)
14-23 31 (20) 14 (18) 17 (23)
�24 33 (22) 19 (24) 14 (19)
Median (IQR) 13 (8-21) 13 (8-22) 13 (9-20)

MRI T2-weighted lesion volume,d mm3, median (IQR) 1930 (918-4945) 2063 (1003-4945) 1774 (786-4883)
No. of gadolinium-enhancing lesionse

0 105 (71) 50 (66) 55 (76)
1 21 (14) 13 (17) 8 (11)
�2 22 (15) 13 (17) 9 (13)

Abbreviations: CHAMPIONS, Controlled High-Risk Avonex Multiple Sclerosis Prevention Study in Ongoing Neurological Surveillance; CHAMPS, Controlled
High-Risk Subjects Avonex Multiple Sclerosis Prevention Study; EDSS, Expanded Disability Status Scale; IQR, interquartile range; MRI, magnetic resonance
imaging; MS, multiple sclerosis.

aThere were 383 patients in CHAMPS.
bAfter 1 month in CHAMPS.
cBaseline number of MRI T2-weighted lesions is missing for 2 patients.
dBaseline MRI T2-weighted volume is missing for 6 patients.
eBaseline number of gadolinium-enhancing lesions is missing for 7 patients.
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patients who did participate (70 patients [45%]). The base-
line characteristics of the 155 patients participating in
the 10-year extension are shown in Table 1.

The median time to initiation of treatment with in-
terferon beta-1a in the DT group was 30 months (inter-
quartile range, 24-35 months) after CHAMPS random-
ization. Thirty-four percent of DT patients started
treatment after the development of CDMS, and 81% of
the DT group developed CDMS or 1 or more new or en-
larging T2-weighted lesion within 18 months of being
randomly assigned in the original CHAMPS and while
still receiving placebo.

At 5 years, 31 of 81 patients (38%) in the IT group
and 39 of 74 (53%) in the DT group developed CDMS.
Of the 155 patients who enrolled in the 10-year exten-
sion, 127 (82%) completed their 10-year evaluation
(Figure 1), and 110 (71%) had an MRI scan at that visit.

The use of interferon beta-1a was similar in the IT and
DT groups. At the 5-year visit, 130 of the 155 patients
(84%) (ie, 66 of 81 patients in the IT group [81%] vs 64
of 74 patients in the DT group [86%]) were receiving only
intramuscular interferon beta-1a. By the last study visit,
88 of the 155 patients (57%) (ie, 45 of 81 patients in the
IT group [56%] vs 43 of 74 patients in the DT group
[58%]) were receiving intramuscular interferon beta-1a
(with 2 patients in the IT group also receiving an alter-
native therapy), 19 of the 155 patients (12%) (ie, 6 of 81
patients in the IT group [7%] vs 13 of 74 patients in the

DT group [18%]) were receiving an alternative therapy
without interferon beta-1a, and 46 of the 155 patients
(30%) (28 of 81 patients in the IT group [35%] vs 18 of
74 patients in the DT group [24%]) were receiving no
therapy. Alternative therapies included subcutaneous in-
terferon beta-1b and interferon beta-1a, glatiramer ac-
etate, intervals of high-dose corticosteroid treatment, mi-
toxantrone hydrochloride, and natalizumab.

PRIMARY OUTCOME

At 10 years, the cumulative probability of developing
CDMS was significantly lower in the IT group (58% [95%
CI, 48%-68%]) than in the DT group (69% [95% CI, 61%-
78%]) (unadjusted hazard ratio 0.64 [95% CI, 0.48-
0.87]; P=.004) (Figure2). The treatment effect was com-
parable when adjusting for age, CHAMPS qualifying event,
number of CHAMPS baseline brain MRI T2-weighted le-
sions, and baseline number of gadolinium-enhancing le-
sions (adjusted hazard ratio, 0.61 [95% CI, 0.45-0.82];
P= .001). In this Cox proportional hazards model, a
younger age at onset, 9 or more T2-weighted lesions at
baseline, and 2 or more gadolinium-enhancing lesions
at baseline were all independently associated with a higher
rate of CDMS over 10 years (Table 2). Similar primary
outcome results were obtained when only those pa-
tients participating in the 10-year extension were ana-
lyzed (data not shown).

ANNUALIZED RELAPSE RATES

The annualized relapse rate in the DT group was double
that of the IT group from years 5 to 10 (0.31 vs 0.14;
P=.03) (Table 3), even though use of interferon beta-1a
was comparable during that time. A similar trend was ob-
served during the first 5 years (0.36 vs 0.18) and over
the entire 10 years (0.33 vs 0.16), but these differences
did not meet the 0.01 threshold for statistical signifi-
cance. Annualized relapse rates remained lower in the
IT group between years 5 and 10 when only those pa-
tients who developed CDMS by 5 years were included
in the analysis (0.45 vs 0.24; P=.16), although this did
not reach statistical significance. Between years 5 and 10,
the IT group was more likely than the DT group to ex-
perience no relapses (40 of 68 patients [59%] in the IT
group vs 25 of 59 patients [42%] in the DT group), and
the DT group was more likely than the IT group to ex-
perience 3 or more relapses (15 of 59 patients [25%] in
the DT group vs 6 of 68 patients [9%] in the IT group).
Over the entire period of observation, 31% of patients
experienced no relapses.

ADDITIONAL CLINICAL OUTCOMES
AT 10 YEARS

Of 127 patients who completed the 10-year evaluation,
117 (92%) still had a relapsing disease at 10 years
(Table 4). At 10 years, 81% of patients had EDSS scores
of less than 3.0; 9% of all patients and 16% of CDMS pa-
tients reached an EDSS score of 4.0 or greater, and 6%
of all patients and 10% of CDMS patients reached an EDSS
score of 6.0 or greater. The MSFC z scores showed no
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Figure 2. Kaplan-Meier rates for the development of clinically definite
multiple sclerosis (CDMS) by treatment group, calculated using timing from
the first month. Data include all patients (n=383) originally randomly
assigned to the Controlled High-Risk Subjects Avonex Multiple Sclerosis
Prevention Study. Patients not meeting the criteria for CDMS were censored
on the date of their last neurologic examination.
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overall worsening compared with 5-year values (me-
dian, 0.09). No significant differences were seen be-
tween the IT and DT groups on these outcomes (Table 4).
Similar results were obtained when the last examina-
tion score was carried forward for the 28 patients who
did not complete their 10-year evaluation (data not
shown).

MRI OUTCOMES AT 10 YEARS

There were no significant differences between the IT and
DT groups for any of the MRI measures (Table 5). On
average, T2-weighted lesion volume more than doubled
from the CHAMPS baseline to 10 years (median change,
120% or 2539 mm3), although these percentage in-
creases partially reflect the low T2-weighted lesion vol-
umes at the onset of CHAMPS. Using a combined out-
come measure of MRI with CDMS events, we found that
96% (ie, the Kaplan-Meier rate [95% CI, 92%-100%]) of
patients developed CDMS and/or 1 or more new or en-
larging T2-weighted lesions by 10 years and that 91% (95%
CI, 84%-98%) of patients developed CDMS and/or 2 or
more new or enlarging T2-weighted lesions by 10 years.

Only 4 of 61 patients with CDMS (7%) and 8 of 49 pa-
tients without CDMS (16%) remained free of new or en-
larging T2-weighted lesions.

SAFETY

Over the entire CHAMPIONS follow-up (both the 5- and
10-year extensions), there were 34 serious adverse events
in 25 patients, including 2 deaths (metastatic breast can-
cer and an automobile accident). There was no differ-
ence by treatment group (16 patients in the IT group and
18 patients in the DT group had serious adverse events).
Unmasked investigators considered all serious adverse
events unrelated or unlikely to be related to the study
drug. No new safety concerns with interferon beta-1a
therapy were identified.

COMMENT

The CHAMPIONS 10-year extension follow-up con-
firms and extends the results of the phase 3 CHAMPS
and the 5-year CHAMPIONS.1,5 Patients at high risk for

Table 2. Cox Regression Multivariate Model for Outcome of Clinically Definite Multiple Sclerosisa

Factor Patients, No. Adjusted HR (95% CI)b P Value Favorable

IT group 193 0.61 (0.45-0.82) .001 IT group
Age (per decade) NA 0.61 (0.49-0.75) �.001 Older
Presenting event

Spinal cord disease 83 1 [Reference]
Optic neuritis 192 1.25 (0.85-1.84) .25
Brainstem-cerebellar syndrome 108 0.93 (0.60-1.42) .72

No. of MRI T2-weighted lesions at baselinec Fewer MRI T2-weighted lesions
2-8 90 1 [Reference]
9-13 101 1.75 (1.09-2.82) .02
14-23 97 2.29 (1.41-3.69) �.001
�24 89 2.67 (1.66-4.31) �.001

�2 Gadolinium-enhancing lesions at baselined 51 1.89 (1.26-2.83) .002 �1 Gadolinium-enhancing lesion

Abbreviations: HR, hazard ratio; IT, immediate treatment; MRI, magnetic resonance imaging; NA, not applicable.
a Includes all 383 patients originally randomly assigned to the Controlled High-Risk Subjects Avonex Multiple Sclerosis Prevention Study. Patients not meeting

the criteria for clinically definite multiple sclerosis were censored on the date of their last neurologic examination. P� .01 was considered to be statistically
significant.

bAdjusted for all other factors in the table.
cMissing baseline number of MRI T2-weighted lesions (6 patients) was treated as a separate category in the model (data not shown).
dMissing baseline number of gadolinium-enhancing lesions (21 patients) was treated as a separate category in the model (data not shown).

Table 3. Relapse Rates for Patients in CHAMPIONS 10-Year Follow-up

Relapse Rate

Mean (SD)

P
Valueb

Totala

(n=127)
Immediate Treatment

(n=68)
Delayed Treatment

(n=59)

Annual relapse rates by epoch
Years 0-2 0.25 (0.44) 0.15 (0.30) 0.36 (0.54) .009
Years 0-5 0.26 (0.44) 0.18 (0.23) 0.36 (0.58) .04
Years 5-10 0.22 (0.33) 0.14 (0.21) 0.31 (0.41) .03
Years 0-10 0.24 (0.32) 0.16 (0.18) 0.33 (0.41) .02

Relapse free, 0-10 years, No. (%) 40 (31) 24 (35) 16 (27) .34

Abbreviation: CHAMPIONS, Controlled High-Risk Avonex Multiple Sclerosis Prevention Study in Ongoing Neurological Surveillance.
aLimited to 127 of 155 patients who completed the 10-year evaluation. Results were similar using last observation carried forward for the 28 subjects who did

not complete the 10-year evaluation (data not shown).
bDetermined by use of the Wilcoxon rank sum test. Because of multiple comparisons, P� .01 was considered not to be significant in secondary analyses.

ARCH NEUROL / VOL 69 (NO. 2), FEB 2012 WWW.ARCHNEUROL.COM
187

©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022



MS who initiated therapy with intramuscular interferon
beta-1a immediately after onset of a CIS developed CDMS
at a lower rate over 10 years and experienced lower an-
nualized relapse rates during all treatment periods than
patients who initiated intramuscular interferon beta-1a
therapy a median of 2.5 years after CIS onset. Overall,
annualized relapse rates were low in both groups, and

there was no difference in standard MRI outcomes at either
5 or 10 years. These results suggest that immediate ini-
tiation of intramuscular interferon beta-1a in high-risk
patients who had a CIS delays the development of CDMS
but has only a modest effect on subsequent relapses and
no significant effect on new MRI T2-weighted lesions (ie,
inflammatory activity) compared with a randomized group

Table 4. Disease Type and Disability at 10 Years

10-Year Outcome

Patients, No. (%)

P Valueb
Totala

(n=127)
Immediate Treatment

(n=68)
Delayed Treatment

(n=59)

Disease course
Relapsing 117 (92) 61 (90) 56 (95)

.34
Progressive 10 (8) 7 (10) 3 (5)

EDSS score
0.0-2.5 103 (81) 56 (82) 47 (80)

.61
3.0-3.5 12 (9) 5 (7) 7 (12)
4.0-5.5 5 (4) 2 (3) 3 (5)
�6.0 7 (6) 5 (7) 2 (3)

MSFC
Composite z score,c median (IQR) 0.09 (−0.31 to 0.49) 0.13 (−0.32 to 0.52) −0.06 (−0.30 to 0.45) .51
�20% worsening in 25-FW time from 5 to 10 y 22 (18) 12 (18) 10 (18) .99
�20% worsening in 9-HPT scores from 5 to 10 y 6 (5) 4 (6) 2 (3) .69

Abbreviations: EDSS, Expanded Disability Status Scale; IQR, interquartile range; MSFC, Multiple Sclerosis Functional Composite; 9-HPT, 9-Hole Peg Test;
25-FW, 25-Foot Walk Test.

aLimited to 127 of 155 patients who completed the 10-year evaluation. Results were similar using the last observation carried forward for the 28 subjects who
did not complete the 10-year evaluation (data not shown).

bDetermined by use of the Fisher exact test. Because of multiple comparisons, P� .01 was considered not to be significant in secondary analyses.
cThe MSFC 10-year value is missing for 3 patients. Change from 5 to 10 years analyzed for 124 patients with data available at both time points. The MSFC

z scores were calculated using mean and standard deviation values from the 5-year visit; for patients whose first MSFC score was obtained at 5 years, the value
from the next completed visit was used. The composite z score was taken as the average of the 25-FW, 9-HPT, and Paced Auditory Serial Addition Test scores.
A higher z score denotes a favorable outcome.

Table 5. Magnetic Resonance Imaging Findings at 10 Years

10-Year MRI Measurea

Patients, No. (%)

P Valueb
Total

(n=110)
Immediate Treatment

(n=55)
Delayed Treatment

(n=55)

No. of new or enlarging T2-weighted lesions
0-2 28 (25) 17 (31) 11 (20)

.50
3-6 31 (28) 16 (29) 15 (27)
7-14 24 (22) 11 (20) 13 (24)
�15 27 (25) 11 (20) 16 (29)
Median (IQR) 6 (2-4) 5 (1-12) 7 (3-17)

No. of gadolinium-enhancing lesionsc

0 87 (81) 44 (81) 43 (80)
.871 14 (13) 6 (11) 8 (15)

�2 7 (6) 4 (7) 3 (6)
T2-weighted lesion volume at 10 y, median (IQR), mm3 4826 (2089-11 611) 4741 (1906-11 902) 4946 (2089-11 611) .79
Change in T2 volume,d median (IQR), mm3

Change from baseline to 5 y 561 (−51 to 2480) 311 (−167 to 2125) 775 (170-2710) .07
Change from 5 to 10 y 1358 (370-3592) 1752 (460-4621) 917 (199-3060) .26
Change from baseline to 10 y 2539 (594-6503) 2600 (398-5862) 2516 (721-6682) .64

Abbreviations: IQR, interquartile range; MRI, magnetic resonance imaging.
aLimited to 110 of 155 patients who completed the 10-year evaluation. This measure excludes 17 patients who completed the 10-year evaluation but did not

have an MRI scan available for analysis. There were no significant differences between the immediate-treat and delayed-treatment groups.
bDetermined by use of the Wilcoxon rank sum test for the T2-weighted lesion volume and change and for the percentage change in T2-weighted lesion volume,

and by use of the Fisher exact test for the number of T2-weighted lesions and gadolinium-enhancing groups. Because of multiple comparisons, P� .01 was
considered not to be significant in secondary analyses.

cMissing for 2 MRI scans.
dFor 100 patients with T2-weighted lesion volume available at both baseline and 5 years, 102 patients with T2-weighted lesion volume available at both 5 and

10 years, and 108 patients with T2-weighted lesion volume available at both baseline and 10 years.
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that delayed the onset of therapy until most patients (at
least 81%) had experienced either a second CDMS-
defining relapse or the development of a new or enlarg-
ing T2-weighted lesion identified on an MRI scan.

Few patients in the IT or DT groups developed sig-
nificant disability (defined as an EDSS score of �4.0 [9%
of all patients] or �6.0 [6% of all patients]) by their last
visit, and no difference in disability outcomes between
the IT and DT groups was indicated by either the EDSS
or MSFC scores. Similarly, the Betaseron in Newly Emerg-
ing MS for Initial Treatment (BENEFIT) trial reported
no differential effect on disability outcomes 5 years after
CIS onset despite a continued reduction in the rate of de-
velopment of CDMS.6 There are many potential reasons
for the disparity between the relapse and disability out-
comes in early CIS trials. These include relatively early
treatment in all CIS follow-up groups, selective attrition
of patients with highest relapse activity, and a relative mi-
nority of patients with enough early relapses to drive the
development of early disability. Selective attrition of the
CHAMPIONS patients, at least at 5 years, is an unlikely
explanation given the nearly identical results reported
by the BENEFIT 5-year investigators with a high rate of
study completion.6 With observation periods as long as
10 years, one must consider the possibility of a limited
association between relapses (particularly after 5 years
of disease) and the development of disability. The lack
of association between relapses beyond the first 5 years
of MS and subsequent disability has been reported in re-
cent natural history studies.9

Evidence from the long-term follow-up of more estab-
lished relapsing-remitting patients who participated in clini-
cal trials of interferon beta therapy or in long-term obser-
vational studies suggest that similar delays in therapy may
have a larger effect on long-term disability outcomes.10,11

In fact, the evidence from multiple clinical trials involving
both patients with relapsing-remitting MS and patients with
secondary progressive MS suggests that there is a window
of opportunity for the initiation of effective disease-
modifying therapy beyond which initiating treatment has
diminishing effects on the development of disability.12 Con-
sideration of the data from long-term follow-up of CIS trials
suggests that, for patients originally randomly assigned to
receive placebo, treatment with disease-modifying therapy
initiated at the time of a second attack or up to 2.5 years
after symptom onset was within this window of opportu-
nity. These follow-up results provide further evidence of
clinical equipoise in the design of future CIS trials that in-
volve placebo controls.

TheCHAMPIONS10-year follow-upresultssuggest that
early treatment for high-risk patients who had a CIS may
positively alter the natural history of MS. Because IT and
DT groups experienced similar disability outcomes at 10
years and because 31% of patients experienced no relapses
over 10 years, further studies are required to determine
whether there are particular high-risk groups that require
immediate initiationofdisease-modifying therapy.Because
themajorityofpatientsbegantherapyafter thedevelopment
ofa secondCDMS-definingattackorafter thedevelopment
of new MRI-detected lesions, strong consideration should
be given to the initiation of therapy when these conditions
are met. The present study results are in agreement with

previous reports13,14 showing an extremely low rate of se-
vere, residual disability after an MS relapse and, in particu-
lar, after a second clinical attack. These results suggest that
monitoringselectpatients (perhaps thosewith�9MRIT2-
weightedlesionsatonsetandnoasymptomaticgadolinium-
enhancing lesions)withserialMRIbefore initiating therapy
may be an option until better biomarkers of disease activ-
ity are available to guide treatment decisions.15,16

We acknowledge the limitations of our long-term study
design, particularly the possibility of selective attrition of
patients with greater levels of disease activity. Although only
40% of the original CHAMP patients enrolled in our 10-
year extension study, there is good evidence that the 10-
year participants are reflective of the original 5-year
CHAMPIONS patients. In the final analysis, the
CHAMPIONS 10-year cohort reflects a sampling of the
CHAMPIONS 5-year cohort, which in turn was only a sam-
pling of the original CHAMPS cohort. As with all sam-
pling, there is a possibility of significant nonrandom dif-
ferences between cohorts. For future phase 3 studies of CIS
trials, we suggest the development of guidelines to encour-
age and facilitate long-term follow-up, including tracking
and contacting consenting patients by use of a central data
management center; incorporating a predetermined, reg-
istered statistical management plan for long-term fol-
low-up into the original trial design; and using different
measures to maximize study subject and site retention.
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