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Multivariate analysis of predictive factors of
multiple sclerosis course with a validated method
to assess clinical events

M Trojano, C Avolio, C Manzari, A Calo', F De Robertis, G Serio, P Livrea

Abstract
The clinical data of 309 patients with def-
inite multiple sclerosis were recorded in
the European data base for multiple
sclerosis (EDMUS) to determine the
prognostic significance of several demo-
graphic and clinical variables. An inter-
view with closed questions structured
according to standardised criteria of dis-
ease phases and courses was used to
assess the clinical course. The reliability
was evaluated by four trained neurolo-
gists in a sample of 33 patients with multi-
ple sclerosis. Both the within and
between rater agreement on data collec-
tion was fair to high for the historical
variables (K = 0.33-1). Between rater
agreement was more variable for the
evaluation of 12 different EDMUS event
categories (K = 0-3-0.95). The predictive
model for the time to reach a secondary
progression showed that an age at onset
older than 25 (p = 0 006) and an event at
onset followed by disability >i3 on the
Kurtzke expanded disability status scale
(EDSS; p = 0-004) were the most
unfavourable clinical variables in 249
patients with relapsing remitting (180) or
relapsing progressive (69) courses. In the
69 patients with relapsing progressive
disease, the time to reach severe disabil-
ity (EDSS > 6) was negatively influenced
by a first interval between attacks shorter
than one year, a number of bouts with
EDSS >2 in the first two years of the dis-
ease, and involvement of the pyramidal
system at onset (p < 0.05). In 60 patients
with chronic progressive disease this
outcome was negatively influenced by
pyramidal, brainstem, and sensory
involvement at onset (p < 0-01).

sex has been associated with a more benign
course in some studies' 4 and male sex in
others5 6; other studies have failed to detect
any correlation.7 9 Some,1 410 but not all,6-9 1'
investigators found a worse outcome in those
patients with an older age of onset and a short
first interval between attacks.'2 The relapsing
remitting disease course has been found to be
more favourable than the chronic progressive
course in most series.' 2 4-9 11 A high exacerba-
tion rate seems to induce a worse prognosis in
a few studies2 "' and only a few reports deal
with the importance of a mild disability at five
years. 29-11 1' More than one Kurtzke func-
tional system'4 involved at onset seems to be a
factor in worse prognosis.'1 A favourable
prognosis when the presenting symptom is
optic neuritis has been found by some2 6-10 but
not all investigators.4 l" Similarly initial sen-
sory symptoms have been considered
favourable by some,' "' but not by others.2481'
The lack of uniformity of methods used in dif-
ferent studies to assess retrospective as well as
prospective clinical events in multiple sclero-
sis is probably one of the major reasons for
this controversy. Therefore, the use of a com-
mon language is an essential prerequisite to
standardise morbidity records in patients with
multiple sclerosis. In this paper we report the
results of a multivariate survival analysis of
predictive factors of long term disease course
performed on clinical data from a hospital
based series of 309 patients with definite mul-
tiple sclerosis recorded in the European data
base for multiple sclerosis (EDMUS).'5 An
interview with closed questions structured
according to standardised criteria of disease
phases and courses'6 was used to assess the
chronology of clinical events in multiple scle-
rosis.
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Clinical studies in multiple sclerosis are diffi-
cult to carry out because of the complex
nature of a disease characterised by a mixture
of acute and chronic aspects. In the past few
years several studies have been performed to
determine the prognostic value of demo-
graphic and early disease characteristics in
patients with multiple sclerosis, but no reli-
able prognostic marker for individual patients
has yet been convincingly identified. Female

Material and methods
The clinical data of 380 outpatients with mul-
tiple sclerosis with onset of disease between
1976-91 were recorded in a data base pre-
pared according to the EDMUS standardised
form. Clear documentation of the early clini-
cal course of these patients was available as
they were followed up in our clinic yearly or
half yearly from the onset of the disease by
one of us (PL, MT, CA) with primary inter-
ests in multiple sclerosis. An interview with
closed questions (fig 1), structured according
to standardised criteria for disease phases,'6
was used to assess retrospectively as well as
prospectively the chronology of clinical events
of patients with multiple sclerosis. By means
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Relapse

Duration: Worsening (days) Plateau (days)- Improvement (days)- Relapse (days)-
Inactivity Phase: Onset (day) End (day) Duration (days)

Figure 1 Interview with closed questions structured according to standardised criteria of disease phases and courses. 16 (*) The column "OBS"
(observations) was marked ifsymptom Cs) had been investigated by a neurologist and/or the related documentation was available. (**) Symptoms to
investigate were grouped in more frequent categories. Some categories ofsymptoms were grouped to agree with the Kurtzke functional systems. The
evaluation of each symptom (lasting at least 24 hours) was investigated separately from all others present at the same time. (***) The patient disability
status was stated by EDSS at the time of examination. For the disability evaluation at each follow up during the history we prepared a standardisedform
(available on request) by which it was possible to quantify retrospectively the severity ofsymptoms, graded according to the Kurtzke scale. Each functional
system involvement was defined as mild, moderate, or severe assessing in each class a 2 point interval of the Kurtzke scoring system.

of reports provided by the patient and his rela-
tives, and clinical records, each event was
scored for symptoms, severity, dates of onset,
maximum worsening, and initial and maximal
improvement. Data were then available to
measure the duration of each relapse, the dif-
ferent relapse phases (worsening, plateau,
improvement), and the inactivity phases
between the relapses.

Each clinical event was then classified as
one of the 12 categories included in
EDMUS.15 During the "no sequelae period"
of the relapsing remitting course, a distinction
was made between the relapse at onset (RO)
and subsequent relapses with a complete
remission and a well identified (RR) or an
uncertain chronology (RU). During the
"sequelae period" of the same course, a dis-
tinction was made between the relapse at
onset (SO) and subsequent relapses with a
well identified date of onset and followed by a
non-worsening (SN), or a worsening (SW), or
a doubtful worsening (S?) of pre-existing
sequelae and relapses with uncertain chronol-
ogy (SU). During the "chronic progressive
period", a distinction was made between
onset without any initial relapse (POP) or
with an inaugural relapse (POR) and subse-
quent relapses with a well identified (PR) or

uncertain chronology (PU).
The disease course was defined as follows.

A relapsing remitting course was defined as
the occurrence of (a) phase(s) of worsening
lasting less than six months followed by
phase(s) of improvement or combined
improvement and inactivity lasting at least
one month; or (b) phase(s) of worsening lasting
less than six months followed by a plateau
phase lasting at least one year; or (c) phases of
worsening, each lasting less than six months
and each having an onset after at least one
month from the maximum worsening of the
previous one; the maximum worsening of the
last of such phases is reached before six
months from the onset of the first one; and
the last of such worsening phases is followed
by a phase of improvement and inactivity last-
ing at least one month or by a plateau phase
lasting at least one year. The chronic progres-
sive course was defined as the occurrence of
(a) a progressive worsening lasting more than
six months from the disease onset; or (b)
phases of worsening spaced by plateau phases
lasting more than one month and less than
one year; the last phase of worsening is still
present or starts after six months from the dis-
ease onset. The relapsing progressive course
was defined as a relapsing remitting course
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followed by one of the two options described
for the chronic progressive course.
The patient's disability was derived from

the Kurtzke expanded disability status scale
(EDSS)'4 at the time of examination, and it
was also evaluated retrospectively for each
visit during the history.
To evaluate the reliability of the clinical

history, the standardised interview was ini-
tially given by PL, MT, CA, and FDR to a
randomly selected sample of 33 patients with
definite multiple sclerosis with disease dura-
tion ranging between two and 226 months,
age between 18 and 52 years, and with an
EDSS score between 0 and 7; no patients had
objective signs of cognitive impairment as
indicated by a mini mental state score'7 higher
than 24. All patients gave their informed con-
sent. The between and within observer agree-
ment rates18 were measured after one day and
after one month on the main collected clinical
data-namely, symptoms at onset and during
the disease course, number of worsening and
inactivity phases, current phase of the disease,
diagnostic categories, duration of the first
interval between attacks, and of the first inac-
tivity phase. The between rater agreement on
the definition of the 12 different EDMUS
event types was also calculated in 21 out of 33
patients with definite multiple sclerosis. With
the aforementioned procedure, 309 out of
380 outpatients with multiple sclerosis were
found to fulfill the Poser criteria'9 for definite
multiple sclerosis (208 clinically definite of
whom 159 belonged to Al and 49 to A2 diag-
nostic categories, and 101 laboratory sup-
ported definite of whom two belonged to Bi,
33 to B2, and 66 to B3 diagnostic categories).
One hundred and eighty were classified,
according to disease course, as relapsing
remitting, 69 as relapsing progressive, and 60
as chronic progressive. The distribution
according to sex showed a female/male ratio
of 1-3. The mean age at onset was 26 (SD 8)
years; the mean disease duration and the
mean EDSS score were respectively 9-8 years
and 3 7, with a yearly mean increase in dis-
ability (progression index) of 0-66. Forty two
per cent of patients had mild (EDSS 0-2 5),
37% moderate (EDSS 3-5 5), and 21%
severe disability (EDSS 6-9). The percentage
of patients with severe disability increased
from 6% at less than five years to 38% at

Table 1 Clinical and demographic characteristics in 309 patients with definite multiple
sclerosis with different disease course

Disease course

Relapsing Relapsing Chronic
Remitting Progressive Progressive
(RR) (RP) (CP)
(n = 180) (n = 69) (n = 60)

Female/male (sex ratio) 107/73 (1-47) 33/36 (0 92) 34/26 (1-3)
% Of event at onset 16-3* 32-3

with sequelae
Age at onset (mean (SD)) 24 (7 7)t 27 (8 3)t 31 (8-3)t
EDSS score (mean (SD)) 2-3 (13):: 5-4 (1-5) 5-6 (1-5)
Disease duration 7-3 (5 5)§ 14 3 (8-6) 12 (7-9)

((y) mean (SD))

*X2= 7, p < 001; tF= 17-138, p < 00001; tF= 210-6, p < 00001 (RR v RP and CP);
§F = 29-963, p < 0-0001 (RR v RP and CP).

more than 10 years of disease duration. The
prognostic significance of a number of demo-
graphic and initial clinical variables was evalu-
ated in this multiple sclerosis cohort,
accounting for the different types of disease
course. The time from onset of multiple scle-
rosis to a secondary progression and time to
severe disability (EDSS ., 6) were used as end
points.

STATISTICAL ANALYSIS
K statistics was used to measure the within
and between observer agreement rate on clini-
cal data collection.

Differences in the mean values and fre-
quencies of the studied variables between
patient groups stratified for disease course
were examined by one way analysis of vari-
ance, Fisher's exact test, and X2 test. A
Weibull survival model (SAS statistical pack-
age) was used to assess the significance of sev-
eral variables associated with outcomes.
Differences between the survival curves
(Kaplan-Meyer) were tested with log rank and
Wilcoxon statistics.

Results
The reliability of the clinical records obtained
by the combined use of the standardised
interview and the EDMUS chronology form
was satisfactory.20 An almost perfect
between/within observer agreement (K = 1)
was obtained on the definition of the diagnos-
tic categories.18 A moderate to substantial
(K = 0 53-0-8 p < 0-0001) between observer
and a fair to substantial (K = 0-33-0-8 p =
0-001 to <0-0001) within observer agreement
was found for the other historical variables
considered. At the same time an overall mod-
erate between rater agreement (% of agree-
ment = 62/130; K = 0-52 p < 0-0001) was
found for the evaluation of the 12 different
disease event categories. The agreement was
almost perfect (K = 0 95 p < 0-0001) for RO,
substantial (K = 0-6-0-7 p < 0-0001) for RR
and PR, moderate (K = 0A4-0 5 p < 0-0001)
for SO, SN, and POP, and fair (K = 0 3-0 4
p < 0-01) for SW and S? events. Relapses with
uncertain chronology in the three different
course periods (RU, SU, PU) were not found.
Table 1 shows the major differences in early
clinical and demographic features found
among the three subgroups of patients with
different disease course. The distribution of
disability score adjusted for duration of dis-
ease in these three subgroups showed (fig 2)
that the relapsing remitting group was charac-
terised by a significantly (Fisher's exact test,
p < 0-0001) higher frequency of a mild dis-
ability and a lower frequency of severe disabil-
ity than the relapsing progressive and chronic
progressive groups. This was irrespective of
whether patients had a duration of disease less
than five years, between five and 10 years, or
more than 10 years. For the distribution of
functional systems involved at the onset of the
disease (fig 3), the chronic progressive course
was characterised by a significantly higher fre-
quency of pyramidal (84%), mental (13%),
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and sphincteric (16%) symptoms and a lower
frequency of brainstem (7%) and visual (8%)
involvement than relapsing remitting and
relapsing progressive courses. The predictive
value of the aforementioned variables for the
time to reach secondary progression was eval-
uated in the relapsing remitting and relapsing
progressive groups together. The multivariate
predictive model (table 2) showed that,
despite the great number of censored patients
(72%), an age at onset older than 25 years
(p = 0-006) and an event at onset with seque-
lae (p = 0-04) seemed the most unfavourable
clinical variables. Figure 4 gives the survival
curves showing the probability of patients not
having reached progression after stratification
according to age at onset older or younger
than 25 years and the presence or absence of a
disease event at onset with sequelae. The
greatest differences were found in the groups
with age at onset less than 25 years with or
without sequelae after the event at onset (A
and B) compared with the group with age of
onset more than 25 years and sequelae (D).
When the time to reach EDSS 6 was consid-
ered as the end point, relapsing progressive
and chronic progressive groups were analysed
separately because of the significant difference
in survival curves (fig 5). These showed that a
higher percentage of patients with relapsing
progressive multiple sclerosis than those with
chronic progressive multiple sclerosis had not
reached this disability stage during the follow
up time (log rank p = 0-02; Wilcoxon p =
0 02). In relapsing progressive disease, the
multivariate predictive model showed (table
3) that an interval between first attacks
shorter than one year, a number of bouts
higher than 2 in the first two years of the dis-
ease, and a pyramidal involvement at onset
reduced the time to severe disability signifi-
cantly (p < 0 05). In the chronic progressive
group (table 4) the involvement of pyramidal,
brainstem, and sensory systems at the onset of
disease were significantly (p < 0-01) associ-
ated with the same adverse outcome.

Pv Ce Br Se Sp

Funictional systems

Vi N1

Figure 3 Frequency offfunctional systems involved at onset in 309 patients with multiple
sclerosis adjustedfor disease course. Py = pyramidal; Ce = cerebeUlar; Br = brainstem;
Se = sensitive; Sp = sphincteric; Vi = visual;M = mental; RR = relapsing remitting;
RP = relapsing progressive; CP = chronic progressive. **p < 0 01; ***p < 0 001 CP v RR
and RP.

Discussion
These data show that the combined use of a
standardised interview structured according
to definite criteria for temporal limits of dis-
ease phases and courses'6 and a precise classi-
fication of disease events such as proposed in
the EDMUS'5 allows us to obtain a good
within and between observer agreement in
collection of historical multiple sclerosis data.
More than 100 clinical events were scored
and for all of them the K index was good.
Relapses without sequelae were recognised
with a high degree of agreement, both when
occurring at the onset (RO) or during the dis-
ease course itself (RR); when the relapses
were followed by sequelae (SO, SN) the
agreement was still significant, but less so,
particularly in the case of relapse with worsen-
ing (SW) and relapse with doubtful worsening
(S?); relapses were well identified also when
superimposed during the progressive course
(PR). It is worthwhile noting that relapses
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Table 2 Multivariate analysis predicting the time to reach secondary progression in 249 patients with definite multiple
sclerosis with relapsing remitting (180) and relapsing progressive (69) course (Lifereg Procedure SAS)

Standard
Variable Coefficient error X2 p Value

Male sex -0 11 0-2 0-3 0-6
No of FS at onset (I or > 1) 0-19 0-4 0-2 0-7
Age at onset (< or > 25 y) -0-55 0-2 7-3 0-006
Disease event at onset with sequelae - 0 5 0-2 4 0 04
First interattack interval (< or > 1 y) 0 3 0 3 1-3 0 3
No of attacks in the first two years (< or > 2) -0-03 0 3 0-01 0 9
Pyramidal (at onset) 0-25 0-35 0-5 0-5
Cerebellar (at onset) 0-008 0 35 0-001 0-98
Sensitive (at onset) - 0-33 0 3 1-2 0-3
Sphincteric (at onset) -0-1 0 5 0 05 0-8
Brainstem (at onset) -0-36 0-3 1-5 0-2
Visual (at onset) 0 4 0-4 0 9 0-3
Intercept 5-8 0 4 208-9 0 0001

Weibull scale parameter = 0-76 (0 08); % censored cases = 72; FS = functional systems.
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Figure 4 Survival probability ofpatients not having
reached progression after stratification according to the age
at onset and to the presence of a first disease event with
sequelae. A = age at onset < 25 y; disease event at onset
without sequelae; B = age at onset < 25 y; disease event at
onset with sequelae; C = age at onset > 25 y; disease event
at onset without sequelae; D = age at onset > 25 y; disease
event at onset with sequelae. p < 0 001 A v D; p < 0-02
B v D.
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Figure 5 Survival probability ofpatients not having
reached EDSS 6 after stratification according to chronic
(60) or relapsing progressive (69) course; A = relapsing
progressive course; B = chronic progressive course.

x2 Df p Value

5 19 1 0-02
5 13 1 0-02

Table 3 Multivariate analysis predicting the time to reach EDSS 6 in 69 patients with definite multiple sclerosis with
relapsing progressive course (Lifereg Procedure SAS)

Standard
Variable Coefficient error X2 p Value

Male sex -0.4 0-2 2-8 0-1
No of FS at onset (I or > 1) 0-6 0 5 1-2 0 3
Age at onset (< or > 25 y) 0-02 0-02 1-1 0 3
Disease event at onset with sequelae - 03 0 3 1-2 0 3
First interattack interval ( < or > 1 y) 0 5 0 3 4-5 0 03
No of attacks in the first two years ( < or > 2) -0-8 0 3 5-3 0-02
Pyramidal (at onset) - 1-1 0-5 4-5 0-03
Cerebellar (at onset) 0-5 0 4 1-6 0-2
Sensitive (at onset) 0-1 0 4 0.1 0-8
Sphincteric (at onset) 0-2 0 5 0 1 0-7
Brainstem (at onset) -0 1 0 5 0-1 0 7
Visual (at onset) -0-4 0-6 0 33 0-6
Intercept 5-1 0-6 72-5 0-0001

Weibull scale parameter = 0-5 (0 07); % censored cases = 54.

Log rank
Wilcoxon
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Table 4 Multivariate analysis predicting the time to reach a EDSS 6 in 60 patients with definite multiple sclerosis with
chronic progressive course (Lifereg Procedure SAS)

Standard
Variable Coefficient error X2 p Value

Male sex -0 01 0-2 0 003 0-96
NoofFS atonset (l or> 1) 0-6 0-3 3-3 007
Age at onset (. or > 25 y) -0 001 0 01 0-003 0-96
Pyramidal (at onset) -0 7 0-3 5-4 0-02
Cerebellar (at onset) -0 3 0 3 1-4 0-2
Sensitive (at onset) -0-8 0 3 7-8 0-005
Sphincteric (at onset) -0-2 0-3 0 3 0-6
Brainstem (at onset) - 11 0-4 8-6 0-003
Visual (at onset) -0 4 0 4 1-3 0-3
Incercept 5-8 0-5 141-8 0 0001

Weibull scale parameter = 0-5 (0-08); % censored cases = 46.

with "uncertain chronology" (RU, SU, PU)
during the three different course periods ("no
sequelae", "sequelae" and "chronic progres-
sive") were not found in this series by stan-
dardised retrospective assessment of clinical
history. The present historical-prospective
study provides prognosis data only on a hospi-
tal based cohort of patients with definite mul-
tiple sclerosis, all recorded in the same centre
by a validated methodology. Diagnostic crite-
ria, different disease courses, and phases were
well defined according to the panels of Poser
et al19 and Schumacher et al.'6 Most findings
in our population are in accordance with
other studies. The sex ratio, the age at onset,
the progression index, and the patterns of
clinical presentation were typical. The per-
centages of patients with chronic progressive
and relapsing progressive courses were similar
to the range of values (8-33%) reported by
other authors. 51012 21-24 The cross sectional
distribution of disability on the Kurtzke scale
showed a trend towards a bimodal distribu-
tion already noted7 1324 with peaks at EDSS 2
and EDSS 6. This seems consistent with the
difference in the time that patients spent at
different EDSS levels25: this was longest at
EDSS 1-2, it was shortest at EDSS 4 and 5,
and substantially longer at EDSS 6. Our
results confirm that patients with multiple
sclerosis with different disease courses show
many clinical differences. Both relapsing pro-
gressive and chronic progressive forms,
according to most reports, tended to occur at a
later age2 23 26 and showed a worse prognosis in
terms of disability than the relapsing remitting
form.71326 Indeed 46% of patients with the
relapsing progressive and 53% of patients
with the chronic progressive forms, but only
2% of patients with the relapsing remitting
form showed severe disability 10 years from
onset. In the chronic progressive group the
most common mode of disease presentation
was a progressive pyramidal involvement;
moreover a greater frequency of mental and
sphincteric, and a lesser frequency of visual
and brainstem symptoms at onset were associ-
ated with this course by contrast with the
relapsing remitting course.232426 Except for a
trend towards fewer females in the relapsing
progressive group no other significant influ-
ences of the patient's sex on the prognosis
were found in this series; results found previ-
ously by many others.'32227 The prognostic
significance of the variables was weighted, as

recently proposed,28 by a multivariate
approach that allows the evaluation of the
independent contribution of prognostic indi-
cators by holding the effect of other indica-
tors. The most predictive variables for a rapid
shift to a secondary progression were an age at
onset greater than 25 years, and then a disease
event at onset with sequelae. The association
of worse prognosis with an older age at onset,
has been noted by most authors' 312 13 2629 with
the principal difference between patients
younger than and older than 40 years at
onset."32930 This age related difference in the
prognosis may just be a function of ageing as
seen, for example, in the context of cere-
brovascular disease or it may reflect age
related changes in the immune response.'0
Few studies deal with the prognostic value of
residual score on EDSS at the first bout; it
was found, nevertheless, to be a predictor of a
secondary progression"3 as in our series, but
no relations between this residual invalidity
and disability score at 10-15 years were
found." Significant differences in survival
curves of disability between patients with
chronic progressive and relapsing progressive
forms were found in this study. There are
other data indicating that chronic progressive
and relapsing progressive forms of multiple
sclerosis may be separate disease entities.
They differ, for example, with respect to epi-
demiology32; recent analysis of HLA DR and
DQ genes by restriction fragment length poly-
morphism has suggested that chronic progres-
sive multiple sclerosis may be associated with a
specific heterozygous Taq 1 HLA DQ ,B
restriction fragment, which is not seen in
relapsing progressive multiple sclerosis33; dif-
ferences in the pattern, extent, and dynamics
of abnormalities on cerebral MRI between the
two groups have been recently shown.'4
Therefore, different predictive models for the
time to reach EDSS 6 were generated for the
two different kinds of progression. The age at
onset seemed to be without significant predic-
tive value on the time for a severe disability
when a progressive course, either chronic pro-
gressive or relapsing progressive, was present.
This shows that clinical course and age at
onset probably have separate effects on dis-
ability. This has also been found by others. 11 26
The occurrence of a remitting as well as
progressive pyramidal involvement at onset
seemed to be associated with a poor prognosis
in both groups according to most
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reports,9 1113232635 whereas initial brainstem
and sensory symptoms were unfavourable
only in the chronic progressive group. In
patients with relapsing progressive multiple
sclerosis a short first interval between attacks,
and a high number of bouts in the first two
years were also found to shorten the time to
reach severe disability. An inverse relation
between prognosis and the first interval
between attacks as noted in the present sam-
ple has also been found by others.2122333
Confavreux et a11' found a mean interval of
0-9 years in patients with a severe prognosis
and in hyperacute cases; by contrast, the
mean interval was 2-4 years in acute and 5-6
years in benign cases. Phadke showed that
only one third of patients in the benign cate-
gory had their first relapse in less than one
year compared with 70 9% of those in the
hyperacute prognostic category and 44% of
those in the acute prognostic category.23 Many
studies, however, have failed to document
any relation between the number of attacks
in the early years of multiple sclerosis and
outcome.8 11

In conclusion, our study corroborates the
findings of others that many clinical and
demographic factors are associated with out-
come, but it also suggests different predictive
models for patients with multiple sclerosis
with different disease courses that could be
useful in the selection of patients for clinical
trials at an earlier point in the disease. The
current availability of the EDMUS comput-
erised programs will make it easier to follow
up a large patient population from different
geographical areas, scored by the same
methodology so as to confirm these results by
accurate and reliable data exchange and pool-
ing.
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