expedited publication

Interferon beta-1b is effective
in relapsing-remitting
multiple sclerosis.

II. MRI analysis results of a multicenter, randomized,
double-blind, placebo-controlled trial

D.W. Paty, MD; D.K.B. Li, MD; the UBC MS/MRI Study Group#*;
and the IFNB Multiple Sclerosis Study Group*

Article abstract—We performed yearly MRI analyses on 327 of the total 372 patients in a multicenter, randomized,
double-blind, placebo-controlled trial of interferon beta-1b (IFNB). Clinical results are presented in the preceding com-
panion paper. Baseline MRI characteristics were the same in all treatment groups. Fifty-two patients at one center
formed a cohort for frequent MRIs (one every 6 weeks) for analysis of disease activity. The MRI results support the clini-
cal results in showing a significant reduction in disease activity as measured by numbers of active scans (median 80%
reduction, p = 0.0082) and appearance of new lesions. In addition, there was an equally significant reduction in MRI-
detected burden of disease in the treatment as compared with placebo groups (mean group difference of 23%, p = 0.001).

These results demonstrate that IFNB has made a significant impact on the natural history of MS in these patients.
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Cranial magnetic resonance imaging (MRI) is a
powerful procedure for diagnosing multiple sclero-
sis (MS), for delineating its natural history and,
potentially, as an objective quantitative outcome
measure for assessing the response of MS patients
to experimental therapy. Clinical MS is character-
ized by the presence of symptomatic lesions in the
CNS and by progressive neurologic impairment. In
relapsing-remitting MS (RRMS), there are unpre-
dictable attacks resulting in neurologic deficits sep-
arated by periods of variable duration of remission,
ie, apparent quiescence or stability of disease.
Serial cranial MRI studies'? have revealed that, in
contrast to its clinical profile, RRMS is almost
always active, with new and recurrent MRI lesions
appearing and disappearing during periods of clini-
cal remission. The majority of new lesions detected
by serial cranial MRI are neurologically silent. The
lack of clinical expression of new lesions places
severe constraints on the use of clinical assessment
alone to determine disease activity, disease pro-
gression, and disease modification by therapy. In
addition to the number of exacerbations and their

degree of severity, the clinical standard for deter-
mining neurologic impairment in MS is the
Expanded Disability Status Scale (EDSS),? which
is somewhat insensitive, is heavily weighted
toward motor disturbances and ambulatory
deficits,* and has a considerable intra- and inter-
rater variability.®

In contrast, currently used MRI techniques that
are appropriately T,-weighted can precisely define
the location and extent of MS lesions above the
level of the midcervical cord. However, individual
cranial MRIs do not correlate well with clinical sta-
tus as measured by standard impairment scales.®
Prospective systematic serial cranial MRIs not only
reveal changes that are more frequent and dynam-
ic than are clinical manifestations but also show
that most new lesions are asymptomatic.™? The
positive effect of beta interferon-1b on reducing
relapse rates in MS is documented in the preceding
companion article.’® In the present investigation,
we used MRIs in parallel with clinical assessment
to monitor a randomized, placebo-controlled clinical
trial of recombinant interferon beta-1b (IFNB) in
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RRMS. Interferon beta-1b (Betaseron) is manufac-
tured by Chiron and supplied by Berlex
Laboratories.

The MRI studies carried out in parallel involved
(1) quantitation of disease burden on a yearly basis
by measurement of the extent of all cranial lesions
slice by slice, and (2) frequent MRIs done every 6
weeks to study the dynamics of mostly asymp-
tomatic new and active lesions.

Methods. Study design. A randomized, placebo-con-
trolled trial was conducted at 11 sites in the United
States and Canada. Project enrollment was 372 patients.
Patients with clinically definite or laboratory-supported
definite RRMS were centrally randomized between three
treatment arms: placebo, 1.6 MIU IFNB*, and 8 MIU*
IFNB, self-administered subcutaneously on alternate
days. Inclusion and exclusion criteria and other clinical
information is given in the companion paper.!® All
patients had baseline and annual cranial MRIs at the
end of the first, second, and third years. MRIs from 327
patients were available for quantitation and met the
standards for inclusion in the study. A 52-patient cohort
at the University of British Columbia (UBC) had MRIs
every 6 weeks for the initial 2 years.

Performance of MRIs and analysis of MRI data. MRIs
were performed at each site in accordance with a scan-
ning protocol designed to standardize procedures among
sites. This protocol described strict positioning tech-
niques and scanning standards as well as the precise
information and content of the film and computer tapes
to be sent to the UBC MRI Analysis Group.

Scans were obtained in the transverse plane from the
level of the foramen magnum to the vertex. Each site
used external and internal landmarks specific to its scan-
ner to duplicate the same imaging plane and patient
position for each subsequent study. A double echo spin-
echo sequence was used, with the echo times appropriate
to each scanner chosen so that CSF was low intensity
(dark) on the first echo and high intensity (bright) on the
second echo. These sequences were chosen to maximize
lesion detection and facilitate lesion tracing. Exactly the
same positioning and imaging sequences were used on
subsequent studies.

All scans were critically interpreted and quantitated at
UBC. The MRI Analysis Group at UBC had no clinical
knowledge of any of the patients analyzed. The analysis
computer at UBC was programmed to read, convert, and
display the data from the various instruments, which
ranged in field strength from 0.15 to 1.5 T (General
Electric, Fonar, Philips, Picker, and Siemens). All films and
tapes were checked for consistency, completeness, and com-
pliance with the MRI scanning protocol. Scans were reject-
ed if they did not meet the standards set in the protocol.

The presence, location, and extent of MS lesions were
marked on the films by two radiologists, by consensus.
Where there was a disagreement, a third senior radiolo-
gist also reviewed the films, and a final consensus was
reached. The MRI data were then displayed directly from
computer tapes on a high-resolution graphics monitor,

* Subsequent to the conduct of this study, the standard for potency of the
international units of IFN beta have been changed. The previous refer-
ence standard (native IFNB, National Institutes of Health) indicated the
dosages to be 9 million IU (9 MIU) and 45 million IU (45 MIU). The new
international reference standard (recombinant IFNB, World Health
Organization) translates the dosages to 1.6 MIU and 8 MIU, respectively.
This publication uses the latter standard.

and regions of interest of the previously marked lesions
were outlined by the analysis technician. Quality control
was verified through reproducibility studies, which
showed a coefficient of variation of 6% for a single
observer.!* Multiple observers had a high interobserver
variation; therefore, one technician alone traced the
lesions for the multisite quantitative studies and a sepa-
rate technician alone traced the lesions for the UBC
cohort.'516 The areas of the lesions were summed slice by
slice for a total lesion area and recorded as mm?. As an
additional check for consistency, at the end of the study
each technician was given randomly selected baseline
and interim scans to requantitate without knowledge of
the initial analytic results.

Lesion activity was analyzed in a different fashion in
the subgroup that had scans every 6 weeks, using previ-
ously described and established methodology'? according
to the following definitions. New lesions were those that
had never been seen before, recurrent lesions were those
reappearing at the same site at which an earlier lesion
had disappeared, and enlarging lesions were those show-
ing a significant increase in size from a previously stable-
appearing lesion. (Significant change in size was >70%
for small [<1 cm] lesions and >10% for large [>1 em]
lesions). An activity event was any new, recurrent, or
enlarging lesion. Any continuously changing activity
through several scans was designated an activity event
only once. An active scan was defined as any scan show-
ing an activity event.

Statistics and data analysis. Treatment group differ-
ences based on the annual MRI data were analyzed
using an analysis of variance (ANOVA) model. Total
change in lesion area and percentage change in lesion
area for individual subjects were ranked and used in the
ANOVA. The model accounted for the effects of treat-
ment group, study site, and treatment group by study
site. The mean percent change in lesion area was sensi-
tive to outliers. Therefore, for each treatment group, the
percent change in total lesion area for the entire group
was displayed. This is also why the median percent
change within each treatment group was used.

The 6-weekly serial MRI data were collected at the
UBC site only. The percent of scans active and annual
lesion rates for individual subjects were ranked and then
analyzed using an ANOVA model that had treatment
group as its only effect. A two-sided Fisher’s exact test
was used to compare treatment groups on the number of
subjects with active lesions.

An intent-to-treat analysis was used for data present-
ed in this report. SAS software was used for all analyses.

Evaluation of annual MRIs. Change in MRI lesion
area was ranked as analyzed for treatment group differ-
ences using the ANOVA of ranks model. The comparabil-
ity of baseline lesion areas across treatment groups at
entry to the study was determined. Change in lesion area
and percentage change in lesion area from baseline to 1
year, 2 years, and end point (3 years) were compared
across treatment groups. Correlation of the MRI change
from baseline to end point was analyzed in regard to
treatment group effects within each protocol. Disease
burden (total lesion area) and neurologic impairment
were correlated.

Evaluation of MRIs performed every 6 weeks. The
percent active scans per patient was calculated by divid-
ing the number of observed scans with activity by the
total number of scans (excluding baseline) in each treat-
ment arm. In addition, for each patient, an annual rate
of lesion activity was calculated by dividing the number
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Table 1. Number of MRIs available and mean and
median percent change from baseline in total
disease burden (mm?) as measured by MRI in each
treatment group

Placebo
Treatment vs
ou 8 MIU
Time point Measurement Placebo 1.8MIU 8MIU  p value*
1 year N 110 110 107
Mean group change 12.2% 4.1% -11%
Median change 10.9% 3.0% -6.2% <0.001
2 years N 98 100 96
Mean group change  20.0% 10.5% -0.1%
Median change 16.5% 11.4% -0.8% <0.001
3 years N 111 112 109
(end point)  Mean group change 17.1% 1.1% -6.2%
Median change 15.0% 02% ~9.3% 0.002
* The p values were calculated from an analysis based upon individual patient
data. This table expresses the mean changes based on group means because
the % change based upon individual data was heavily influenced by the very
large percentage changes in patients with very low disease burden at baseline.

of active lesions by the number of years the patient had
been in the study. The annual rate of new, enlarging,
and recurrent lesions was similarly determined.

Results. Patient characteristics. The companion
paper!? gives the detailed clinical characteristics
for all patients. MRI data were available for 327 of
the 372 patients enrolled in the clinical study. Of
these 327 patients, 70% were women and 94% were
white. Extensive statistical analyses for differences
between the three treatment groups showed that
they were comparable for basic demographic fac-
tors and key disease characteristics. No significant
interaction between treatment group and study site
was seen for any baseline characteristic.

Findings for MRIs performed annually. Despite
a standardized MRI protocol, unavoidable changes
in software and hardware resulted in some differ-
ences among sites. Although these alterations did
not affect the relative changes between treatment
groups, they may have affected the absolute num-
bers reported as total lesion area. Therefore, the
percentage change in lesion area (table 1) was
selected as the most appropriate analysis of the
multicenter data from yearly scans. The mean
increase at 1 year in lesion area for the placebo
group was 12.2% compared with a mean decrease
of 1.1% in the 8 MIU group (p = 0.001). As treat-
ment continued, the difference between treatment
groups for percentage change at both annual scans
remained highly significant. The placebo group had
a mean increase of 17.1% whereas the 8 MIU group
showed a mean decrease of 6.2% at the third year
(p = 0.002). Table 1 shows the mean and median
percent changes for each group. Note that the
median percent changes and the mean group
changes were very similar.

Significant site-by-treatment-group interaction
effects were evident in the ANOVA of ranks model
for percentage change in MRI area at end point (p
= 0.040) and change in total MRI area at end point
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Table 2. Status of percentage change in MRI area
at end point

IENB
Status Placebo 1.6 MIU 8 MIU
>10% increase 63 (62%) - 46 (37%) 35 (29%)
Stable (+10%) 22 (18%) 23 (18%) 21 (17%)
>10% decrease 37 (30%) 56 (45%) 66 (54%)

Placebo vs 8 MIU: p = 0.001

Table 3. Number of MRIs available and median
change in total lesion area by MRI (mm?) by
treatment group

IFNB

Time point Measurement Placebo 1.6 MIU 8 MIU
Baseline Area 2,611 2,750 2,392
1 year N 111 113 107

Median change 152.5 452 -72.0
2 years N 99 103 96

Median change 305.1 1420 -13.0
3 years N 112 115 109
{end point) Median change 198.7 0.0 -11898

(p = 0.037). To determine the cause of the interac-
tions, the same ANOVA model was applied to three
data sets: the placebo and 8 MIU groups, the pla-
cebo and 1.6 MIU groups, and the 1.6 MIU and 8
MIU groups. This subset analysis revealed that
only the placebo group to 8 MIU group comparison
had a significant treatment group-by-site interac-
tion. However, in examining the mean ranks from
that ANOVA, the mean rank for the 8 MIU group
was lower than that of the placebo group at every
site. Therefore, the significant interaction term was
due to a differing degree of effect rather than con-
flicting effects among sites.

An alternative method of examining change in
cranial MRI area was to categorize the patients
according to the level of percentage change from
baseline (table 2). This method corrects for some of
the noise due to methodologic variation. Comparing
the number of patients whose cranial MRIs showed
>10% increase, those with >10% decrease, and
those within 10% of baseline, the results obtained
were similar to those detected by analyzing the
median percent changes in MRI area and are sta-
tistically significant (p = 0.001) for the comparison
of placebo and 8 MIU groups. Also, the change at 1
year, 2 years, and end point in total lesion area
(expressed as mm?) showed a significantly larger
increase in the placebo group as compared with the
8 MIU group (p = 0.0010, p = 0.0001, and p =
0.0012, respectively) (table 3). The decrease in area
measurement in the third year detected during the
end-of-study consistency check was due to a step
reduction during the third year in the measure-
ment of lesion size by the technician. This change



Table 4. Percent of scans with activity

Table 5. Active lesion rate

IFNB
Measurement Statistic Placebo 1.6 MIU 8 MIU
Percent of scans active Median 294 11.8 5.9
Mean 34.6 17.0 154
SE 6.0 3.8 4.5
Overall: p=0.0170
Placebo vs 8 MIU:  p = 0.0062
Placebo vs 1.6 MIU: p = 0.0349
1.6 vs 8 MIU: p =0.4692

__IFNB
Measurement Statistic = Placebo 1.6 MIU 8 MIU
Active lesions per year Median 3.0 1.0 0.5
Mean 4.9 1.8 2.0
SE 13 0.4 Q0.7
Overall: p =0.0234
Placebo vs 8 MIU: p = 0.0089

Placebo vs 1.6 MIU: p = 0.0412

affected all scans similarly and did not affect the
intertreatment group comparisons, which remained
highly significant. The reduction in area in the
third year was probably due to an unconscious
effort on the part of the technician to be conserva-
tive as she became more confident in determining
the margin of the lesions. A detailed analysis of
this phenomenon will be the subject of a separate
publication.

The association of disease burden (lesion area)
with neurologic impairment was determined.
Baseline and end point EDSS scores were signifi-
cantly correlated with baseline (R = 0.231) and end
point (R = 0.262) lesion area, showing that there is
a connection between MRI burden of disease and
neurologic impairment.

Findings on serial cranial MRIs performed at 6-
week intervals. A total of 881 cranial MRIs were
performed and evaluated on 52 patients. An aver-
age of 17 scans was performed on each patient (17
on placebo, 18 on 1.6 MIU, and 17 on 8 MIU). The
total number of scans on treatment were placebo,
282; 1.6 MIU, 283; and 8 MIU, 264. Significant
treatment group differences were detected between
the placebo and both treatment groups for the per-
cent of scans that were active (table 4), the annual
rate of active lesions (table 5), and the annual rate
of new lesions (table 6). The 8 MIU group had a
median of 80% fewer active scans than were pres-
ent in the placebo arm. The 8 MIU group had a
median reduction of 83% in the rate of active
lesions compared with that of the placebo group
(table 5). Significantly more 8-MIU-group patients
were free of active lesions over the course of the
study than were placebo patients (seven high-dose
patients versus one placebo, Fisher's exact test, p =
0.039). The annual rate of new lesions was also sig-
nificantly lower for both the 8 MIU and 1.6 MIU
treatment groups than for the placebo group. The 8
MIU group showed a median reduction of 75% in
the rate of new lesion formation (table 6).

The effect of treatment on enlarging and recur-
rent lesions was examined. No significant differ-
ences were observed among the three treatment
groups in the rate of enlarging lesions (data not
shown). There was an overall significant treat-
ment-group difference in the recurrent lesion rate
(data not shown). This difference was due to a sig-
nificantly lower recurrent lesion rate observed in

1.6 vs 8 MIU: p =0.5070
Table 6. New lesion rate
IFNB
Measurement Statistic Placebo 1.6 MIU 8 MIU
New lesions per year Median 2.0 0.5 0.5
Mean 3.2 1.1 1.2
SE 0.9 0.2 0.5
Overall: p = 0.0085
Placebo vs 8 MIU:  p = 0.0026
Placebo vs 1.6 MIU: p =0.0317
1.6 vs 8 MIU: p =0.3207

the 1.6 MIU group. For this measurement, no sig-
nificant difference between the placebo and 8 MIU
groups was detected. The numbers of active lesions
detected by this particular measurement were
probably too low to give reliable results. However,
in contrast to the clinical study, where the treat-
ment effect was present primarily in the 8-MIU-
dose group, the serial MRI studies clearly showed a
significant treatment effect from both doses of
IFNB.

Discussion. The results of this multicenter study
provide confirmatory evidence supporting the clini-
cal conclusion that recombinant IFNB reduces dis-
ease activity in RRMS.?3 It also reduces the expect-
ed increase in disease burden as measured by MRI.
These results were achieved through the systemat-
ic analysis of serial MRIs performed by standard-
ized methods at 11 centers. One center also per-
formed frequent serial MRIs on 52 subjects once
every 6 weeks. The annual studies provided a
“snapshot in time” measure of disease burden as a
sum of lesion area. The 6-week serial studies pro-
vided a dynamic measure of disease activity (analo-
gous to relapses) reflected by new, recurrent, and
enlarging lesions. Both methods confirmed the
validity and usefulness of a quantitative approach
to MRI analysis in MS and furnished two new and
objective outcome measures devoid of the examiner
bias present in clinical studies.

To establish maximum consistency among sites,
we designed a protocol with standard MRI scanning
procedures. Despite this standardization, modifica-
tions in software and hardware did occur at some
sites, as might be anticipated in a field with rapidly
changing technology. Recognition of this problem
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led to the adoption of the method of median percent-
age change in total area of disease burden to dis-
play the data; this proved to be a valid measure and
clearly showed the differences among the treatment
groups. The quantitation of disease burden showed
differences among the three treatment groups at 1
year, and the treatment differences increased in the
second and third years of the study.

A consistently reproducible step change occurred
in the areas measured during the third year. This
reduction in area traced probably resulted from a
conservative approach by the technician in tracing
the margin of the lesions. Because the same step
change occurred in all scans analyzed at the third
year, it did not affect the intergroup differences,
which continued to be highly significant statistical-
ly. This problem in consistency does, however,
point out the difficulty of performing such a study
over a number of years.

The serial MRI data obtained from the scans
performed at 6-week intervals confirmed the clini-
cal study' showing a significant reduction in dis-
ease activity. By using the frequent MRI method,
future therapeutic trials in RRMS can be shorter in
duration and less expensive, by using fewer
patients. Serial and annual quantitative MRIs pro-
vide a powerful and objective adjunct to clinical
measures and should be an integral part of future
therapeutic trials. We believe that MRI is a predic-
tor for future clinical outcome in MS. MRI methods
can now be used as an initial indicator of possible
treatment effects prior to the institution of long-
term clinical trials. A European committee on the
use of MRI in clinical trials'® has reported statisti-
cal power calculations showing that monthly MRIs
for activity in 150 patients in each arm of a treat-
ment trial could show a statistically significant
50% reduction in disease activity in as little as 6
months. Our data support that concept while pro-
viding compelling evidence for interferon beta-1b
having a significant impact on disease burden and
disease activity over a 3-year study.

There is little antecedent information with
which to compare the present study. However,
where available, previous studies provide parallel
information regarding the utility of cranial MRI as
a monitor of disease activity. Kappos et al'® used
MRI as an outcome measure, with a visual assess-
ment method, during the last 6 months of a treat-
ment trial with cyclosporine, and were unable to
show any treatment effect.

In a controlled trial of 100 patients treated with
alpha-lymphoblastoid interferon,2’ 2! 80 patients
had quantitative MRI evaluations at entry, at 6
months, and at 2 years of the trial. There was a
quantitative increase in disease burden detected by
MRI with a mean increase of 21% in extent of dis-
ease in the placebo group over 2 years. No MRI or
clinical benefit was shown.

Quantitative annual MRIs performed on 157
chronic progressive MS patients in a cyclosporine
treatment trial?? 23 showed no significant clinical or
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MRI benefit from the cyclosporine. However, quan-
titative MRI provided a measure of burden of dis-
ease that showed a clear-cut increase in lesion area
over time.

In summary, the use of systematic and serial MRI
in this study provided strong objective support for
the clinical efficacy of interferon beta-1b in the treat-
ment of RRMS both in decreasing disease activity
and in reducing disease burden. The correlation
between disease burden by MRI with the EDSS at
entry and end point supports the conclusion that 8
MIU of IFNB given early in the disease altered the
natural history of MS in these patients. The MRI
showed more clearly than the clinical study!® that a
beneficial effect occurred at both doses of IFNB.
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