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The highly variable clinical course and the lack of a direct measurement of disease activity have made evaluation of
experimental therapies in multiple sclerosis (MS) difficult. Recent studies indicate that clinically silent lesions can be
demonstrated by magnetic resonance imaging (MRI) in patients with mild relapsing-remitting MS. Thus, MRI may
provide a means for monitoring therapeutic trials in the early phase of MS. We studied 12 patients longitudinally for
12 to 21 months with monthly gadolinium (GED-enhanced Mills. The data have been used to identify the most effective
design of a clinical trial using Gd-enhanced lesions as the outcome measure. Frequent (>i/mo) Gd-enhancing lesions
were observed in 9 of the 12 patients, indicating that the disease is active even during the early phase of the illness.
The frequency of the lesions was not constant; there was marked fluctuation in lesion number from month to month.
However, the magnitude of the peak number of lesions and the frequency of the peaks varied among patients. Because
of this variability, the most effective use of Gd—enhancing lesions as an outcome measure in a clinical trial was a
crossover design with study arms of sufficient duration to allow accurate estimation of lesion frequency. Monitoring
(id-enhancing lesions may be an effective tool to assist in the assessment of experimental therapies in early MS.
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The clinical variability in multiple sclerosis (MS) has
made design and assessment of clinical trials difficult
[1}. Although there is increasing interest in treating
patients before significant disabiiity occurs, the inability
to predict the future course of the disease has made
assessment of the risk—benefit relationship difficult.
Some patients will continue to have mild disease
throughout the course of the illness. Treatment of
these patients early in the course of the disease with
potentially toxic treatments may pose greater risk than
the disease. Further complicating clinical trials has been
the difficulty in measuring disease activity, which is
usually asseSSed indirectly by measuring disability.
Magnetic resonance imaging (MRI) is well established
as the optimal imaging technique for the diagnosis of
MS [2—8}. and the presence of disease activity in the
absence of clinical changes has been confirmed by re—
cent MRI studies [9, 10]. Areas of increased signal
on T2-weighted images, which reflect demyelination,
inflammation. or edema [11}, have been shown to oc-

cur in the cerebrum in clinically stable patients {9, 10].
In addition, use of gadolinium (Gd) with Tl-weighted
imaging can identify areas of breakdown in the blood-
brain barrier. These areas of enhancement seem to rep—
resent the initial stage of lesion development [12—15]
and are probably associated with active inflammation
[14, 16}. Recent studies, including an initial report on
6 of the patients from our present study, indicate that
frequent, new Cid-enhancing lesions occur in patients
without corresponding clinical changes [l7«-l9}. These
findings indicate that MRI parameters and, in particu-
lar, Gel—enhancing lesions, should be helpful in moni-
toring disease activity in patients with MS and may
provide a suitable tool for assessing the effectiveness
of clinical trials, particularly in patients with early, mild,
relapsing-remitting MS [1, 20].

Our previous investigation of patients with MS using
(Ed-enhanced MRI suggested that the occurrence of
enhancing lesions was not constant over time. Because
the pattern of lesion occurrence affects the usefulness
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Taéle I . Clinical Parameters of Patients Sit/died lay Serial Gadolr'niuwit-enhanced MRI 

 

Average No.
(Ed-enhancing

Years EDSS Lesions
Age from Months —-—-———-—-— ————-——-

Patient (yr) Diagnosis Course Studied Start End Exacerbations Total New

1 44 2 EUR 19 1.3 1.5 0 3.4 2.2
2 29 2 EUR i9 2.0 2.0 l 0.5 0.2

3 41 5 RIR 20 1.5 LS 1 1.6 1.1
4 28 3 R/R 19 1.5 2.0 #1 5.0 31.1
5 28 2.5 R/R 21 1.5 1.5 l 5.3 2.4

6 41 3.5 RJ'R 20 3.5 2.5 1 5.6 3.3
'I 38 16 RlR-CP 14 5.5 6.0 0 1.8 1.1

8 31 10 R/R 1-4 1.5 1.5 2 5.6 3.5
9 38 2.5 RJ'R 15 2.0 2.5 3 0.9 0.7

10 28 6 R/R 12 6.5 6.5 1 8.0 5.9

11 43 9 EUR 14 2.0 2.0 1 3.2 2.1
12 60 17 CP 12 6.0 6.5 0 0.1 0.1

RJ'R = relapsing—remitting: C? : chronic-progressive.

consistent with previous reports {15, 18]. Twenty-
eight percent of the lesions were seen on 2 concurrent
examinations, whereas 5% persisted for 3 months.

None of the lesions persisred for more than 4 months.

In general, lesions persisting for 2 months or longer
were observed in patients with a large number of new
enhancing lesions (Patients 5, 6, 8, and 10). Reen-
hancement of lesions that were enhanced previously

was observed in 5 patients. It is likely that reenhance—

ment will be observed more frequently as patients are
followed longer.

The mean number of Cid-enhancing lesions per
month varied among the 12 patients. Although 3 of

the patients with relapsing-remitting disease (Patients
2, 5, and 9) and both of the patients with chronic-
ptogtessive disease (Patients 7 and 12) had an average

of 2 or fewer new lesions per month, 4 of the patients
with relapsing-tenutting disease (Patients 4, 6, 8, and

10) had an average of 3 or more new lesions per
month.

Pattern of Lesion Occurrence

As indicated, inspecrion of the frequencies of new enw
hancing lesions indicated that the lesions were not oc-
curring at a constant rate but tended to occur in bursts
of increased lesion frequency. Figure 1 illustrates the

fluctuating number of Cid-enhancing lesions in Patient
4. By inspection, the pattern of lesion frequency in this
patient had a cyclical trend. A suggestion of a similar
cyclical pattern in lesion frequency was also observed
in the ether patients. Consequently, the likelihood that
the pattern of lesion occurrence was not random was

assessed using Poisson regression models as described
in Materials and Methods. In 6 of the 10 patients with

relapsing-remitting MS, the total and new lesion data

fit a model employing a sinusoidal mean significantly

better than a model using a constant mean (p < 0.01)
(Fig 2). This finding indicates that the mean of the

lesion frequency was net constant and that the lesions

were not occurring with random frequency. Although
not reaching statisrical significance, a sinusoidal trend
in lesion frequency was also observed in 3 of the re-

maining 4 patients (p < 0.06, 0.12, 0.121. The Poisson

regression model with sinusoidal trends was used only
as a means to describe the fluctuating nature of lesion
frequency over short durations and to test for non-

constancy in lesion frequency. The model was not in-

tended as a definitive descriptiOn of lesion occurrence.

Using the fitted curves, the period between the peaks
in lesion frequency varied considerably and ranged
from 2.1. to 12 months. The mean period between

peaks in the patients showing a significant fit to a sinu—
soidal curve was 6.2 and 5.9 months for all 10 patients.

Correlation; Between Clinical Changer and
Gal-enhancing Leriom

As reported previously, the frequency of enhancing
lesions seen on MRI did nor necessarily parallel clinical
changes. Most notable was Patient 12, who despite

continued clinical progression had only I enhancing
lesion during 10 months of study. Because the clinical

course demonstrated by Patient 12 may represent a
unique form of MS (i.e., primary chronic-progressive
MS) [18, 28, 29], the findings from this patient were
excluded from the subsequent analysis.

A dissociation between clinical change and enhanc-
ing lesions in the cerebrum Was observed in the 11

remaining patients. All had new enhancing lesions,
often numerous, that occurred without new symp-
toms or abnormalities on neurological examination.
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Fig 2. Tbs objerwd number of new [axiom and thefflqzlemy of
Atrium derirredfmm the belt fining Poisson regrem'an model with
Jinmaidal friends. (A) p < 0.01. (B) p > 0.01.
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For example, Patient 1, who had a mean of 2.2 new

Gd-enhancing lesions per month, was clinically stable
throughout the 19-month study period. Each of the
remaining 10 patients had one or more exacerbations
(see Table 1). The clinical findings associated with

these exacerbations could not be explained by the loca-

tion of the new enhancing lesions in the cerebrum and,
in most instances, were consistent with involvement of
the spinal cord or the brainstem.
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